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The first unit of the river hydraulics laboratory at the University of 
Iowa was constructed in 1919. Since then the investigations in hydraulics 
at the University has been done co-operatively by the teaching and re ­
search staff of the College of Engineering, graduate students pursuing 
m ajor work in the department of mechanics and hydraulics, and many 
agencies of federal, state and local governments, corporations, and 
individuals.
This is essentially an abstract of the written record of hydraulic 
researches reported since 1919. It is complete in its coverage of the 
abstracts of theses submitted in partial fulfillment of the requirements 
for the degrees Master of Science and Doctor of Philosophy in the 
department of mechanics and hydraulics. I t  is essentially complete in its 
abstract record of papers and discussions by members of the teaching, 
research, and co-operative staffs during the time they have been affiliated 
with the University of Iowa and its Institute of Hydraulic Research. 
Abstracts of unpublished (mimeographed) reports on specific hydraulic 
investigations by the staff .of the U. S. Engineer Department in the 
hydraulics laboratory have been included by courtesy of the District 
Engineer, U. S. Engineer Office, St. Paul, Minnesota.
I t  is not the purpose of this report to trace the historical development 
of hydraulics at the University of Iowa chronologically nor is it feasible 
herein to give appropriate acknowledgments to administrators, agencies, 
and individuals whose co-operation, support, and encouragement have 
stimulated and brought to fruition the investigations which are abstracted 
in this bulletin.
The task of compiling the list of publications and preparing abstracts 
of reports, papers, and discussions was completed co-operatively and 
the editor gratefully acknowledges the assistance of each person who 
prepared abstracts for this collective work. The contributor’s name 
appears at the end of each abstract.
The published papers referred to herein are probably available in most 
engineering libraries and in many public libraries as well. Reprints of 
papers published in the Transactions of societies can often be purchased 
from the Society’s secretary. Copies of unpublished theses are on file 
in the Engineering Library of the University of Iowa and in the library 
of the Iowa Institute of Hydraulic Research. So fa r  as practicable 
copies of unpublished theses will be made available through inter- 
library loan, subject to the regulations of the University.
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TWO DECADES OF HYDRAULICS 
AT THE UNIVERSITY OF IOWA
B unds
Study of Spiral Motion of Flow of Water Around Bends. G o g u l a p a t i  
G a n g a d h a r a n . M. S. thesis, 52 pp. June 1927. A transparent pyralin flume 10 in. 
square was used to measure pressures, velocities, and directions of current in a 180 
degree bend having a mean radius of 10 in. A rational explanation of the causes 
of a single spiral in an open channel bend and of a double spiral in a closed 
channel bend is given and formulas for pressure differences are developed. Photo­
graphs and drawings confirm the existence of two types of spiral flow. Bibliog­
raphy : 6 entries. — J. W. Howe.
Some Aspects of Flow of Water Around Bends and Bridge Piers. D. L.
Y a r n e l l . Public Roads, v. 10, No. 2, pp. 33-34, April 1929. Paper presented be­
fore the Federation of Engineering Societies of Minnesota discusses only one 
phase of the investigation — the direction of flow of the various particles of water 
in moving around a bend of rectangular cross-section.
Flow of Water Around 180-Degree Bends. D avid  L .  Y a r n e l l  and S h e r ­
m a n  M. W oodw a rd . United States Department of Agriculture, Technical Bulletin 
No. 526, October, 1936. 64 pp. Also: University of Iowa Reprints in Engineering 
No. 3. This bulletin presents the results of experiments on the effects of 180-degree 
bends of square and rectangular cross-section. In some cases the velocity distri­
bution in the approach channel was uniform, while in others it was non-uniform. 
Tests were run with the channel flowing partly full and with the channel flowing 
full and under pressure. One series of tests was run with a channel 10 in. square, 
with an inner radius of 5 in. A second series was run with a channel 10 in. deep,
5 in. wide, and inner radius of 5 in. The third series had a channel 10 in. deep,
5 in. wide, with an inner radius of 10 in.
The following general conclusions are drawn: A smooth bend acts as an ob­
struction disturbing the distribution of pressure and velocity in the cross-section 
for a short distance upstream from the beginning of the bend. Pressure in the 
outer filaments is always increased and the velocity decreased, with reverse changes 
inside. Due to wall friction around the bend, an unstable relationship is produced 
between the filaments flowing at different velocities, with the result that filaments 
of highest velocity tend through a secondary circulation to drift toward the outside. 
At the end of the bend, a readjustment of pressures and velocities takes place, 
whose effects persist for a considerable distance downstream. Bibliography: 19 
entries. — G. H. Dunstan.
Flow of Water Through 6-Inch Pipe Bends. D avid  L,. Y a r n e l l . United 
States Department of Agriculture, Technical Bulletin No. 577, October 1937. 
117 pp. The bulletin reports experiments on the flow of water through bends in a
6 in. circular pipe with various amounts of curvature, in 90-degree bends of
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hyperbolic and elliptical cross-section, in a 90-degree bend of circular cross-section 
and varying radius of curvature, and in a 90-degree miter bend. Experiments 
included both uniform and non-uniform distribution of velocity in the approaching 
pipe. The author concludes that all bends act as obstructions to flow. The velocities 
of the filaments along the inner side of the bend are increased and those along the 
outer side are decreased. The loss of head increases with increase in length of 
bend, for pipe of equal size, equal radius of curvature, and like material and con­
dition, and is greatest for a bend in which the tangents are joined without an 
intervening curved section. For a given pipe bend and given quantity of flow, 
the head lost in the bend is influenced greatly by the velocity distribution in the 
approach tangent. When a pipe bend is calibrated it may be used as a flow meter 
and the discharge can be computed by measuring the difference in pressure at two 
points on a radial section — one on the inside and the other on the outside wall of 
the bend at the section of maximum pressure differences. The losses in pipe bends 
tested appear to vary as the square of the velocity. -— G. H. Dunstan.
Hydraulic Characteristics of Flow of Water Around Bends. Engineering 
News-Record, v. 10S, pp. 376-377, September 4, 1930. Extract from a paper by 
D. L. Yarnell presented to the Iowa Engineering Society. Tests were made in a 
transparent 180° bend of 5-in. inner radius with the conduit flowing full, under 
pressure, and also partly full. The conduit was 10 in. square. Spiral flow was 
shown to exist in the bend and its practical significance is briefly discussed. Sup­
plemental letter by D. L. Yarnell in Engineering News-Record, v. 105, pp. 939-940, 
December 11, 1930. — F. T. M.
Some Aspects of Flow Around Bends, Bridge Piers and Over Highway 
and Railway Embankments. D. I,. Y a r n e l l . Bulletin of the Associated State 
Engineering Societies, v. 5, No. 4, pp. 31-44, October 1930. (Proceedings Iowa 
Engineering Society). A 180° bend of transparent pyralin with a 5-in. inside 
radius and 10-in. square cross-section was tested in detail in the laboratory. The 
model was provided with some 300 piezometer connections and for each quantity 
of flow pressures were measured and velocities were recorded at 700 different 
points. The details of single and double spiral flows around the bend are investi­
gated. Discharge coefficients for freely discharging and submerged embankments 
representing full sized single and double track standard railway embankment 10 
feet long are summarized by diagrams and formulas. Two practical examples are 
presented using the hydraulic data on flow over embankments. — F. T. M.
Flow of Water Around Bends in Pipes. D avid  L. Y a r n e l l  and F loyd  A. 
N a g l e r . Trans. Am. Soc. C. E., v. 100, pp. 1018-1032, 1042-1043, 1935. Paper re­
ports hydraulic tests of 6-inch pipe bends of various shapes and various degrees 
of curvature. The effect of non-uniform velocity distribution in the approach 
conduit were fully investigated. The experiments show (1) that it is possible to 
have conditions such that the resistance to flow may be very small or unusually 
large in the same pipe bend carrying identical quantities of water, (2) that in a 
standard 90-degree 6-inch pipe bend for the same quantity of flow with high 
velocities on the inside and low velocities on the outside of the approach pipe the 
loss of head may be four times as much as would be measured in the same bend 
with high velocities on the outside and low velocities on the inside at the tangent 
leading to the bend, (3) that present formulas for computing loss of head due to
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bend appear to apply only to cases in which approximately uniform velocity dis­
tribution exists in the approach pipe, (4) that the loss of head in the bend appeared 
to vary as the square of the velocity and not as the 2.25 power as suggested by 
some writers, (5) that a pipe bend may be as useful as any other device for the 
measurement of discharge, (6) that the direction of flow of secondary current 
pipe depends entirely upon the velocity distribution in the approach pipe, and (7) 
that the same fundamental laws of flow through bends apply to both closed con­
duits and open channels.
— Discussion by F. T. M a v is . Ibid., pp. 1040-1042. Bibliographic reference to 
14 articles dealing with the flow of water around bends.
Flow of Water Through Pipe Bends. Eng. News-Rec., v. 120, pp. 777-778, 
June 2, 1938. Digest of “Flow of Water Through 6-inch Pipe Bends,” by D. L. 
Yarnell, Technical Bulletin No. 577, U. S. Department of Agriculture.
Channel Straightening by Cut-offs with Special Reference to the Mis­
sissippi River. T h o m a s  A. A d co ck . M. S. thesis, 153 pp. July 1934. Based on 
a historical review, natural and artificial cut-offs are discussed with respect to the 
characteristics of the stream and their effects on river stages and permanent lengths 
of channel. The change of policy regarding cut-offs on the Mississippi River is 
discussed. Model studies made at the U. S. Waterways Experiment Station, 
Vicksburg, Mississippi are referred to and comparisons are drawn between labora­
tory and river cut-offs made subsequent to experiments. The current program of 
channel straightening on the Mississippi River is sketched. Twenty-three illustra­
tions include views of model studies and maps of certain reaches before and after 
cut-offs were made. Bibliography: 53 entries. — Thomas A. Adcock.
Benefits of Proposed River Cut-offs Determined by Model (Des Moines 
River at Ottumwa, Iowa) : Eng. News-Rec., v. 103, pp. 886-888, Dec. 5, 1929. 
Also editorial: Science, v. 71, supp. p. 12, Jan. 17, 1930. “This is probably the 
first attempt in the United States to determine in advance of actual field con­
struction, by means of models, the benefits to be derived from straightening rivers.” 
The model constructed to horizontal scale 1 :800 and vertical scale 1 :100 was 10 ft. 
wide, 34 ft. long, and represented 9.32 miles of river channel. The channel and 
adjacent parts of the model were made of 1:1 sawdust-cement mortar. The model 
surface was roughened by sprinkling coarse sand on a brush-coat of neat cement 
until model profiles of highwater corresponded to field observations for the
100.000 sec. ft. flood of June 1, 1903. In the model channels representing cut-offs 
200, 400, and 600 ft. wide were made across the upper bend, across the lower 
bend, and across both bends, and the effects of various model combinations are 
summarized in the report. The model studies indicated maximum benefit for flood 
discharge through Ottumwa would be obtained by constructing floodways not over 
400 ft. wide across both bends, and by setting back at least 200 ft. from the right 
channel bank one mile of levee above the lower cut-off. Reductions in flood levels 
of 1.0 to 3.3 ft. in the city were indicated by the model study for a flood of
100.000 sec. ft. — F. T. M.
An Investigation of the Flow Around a River Bend. F r a n k  L . B l u e , 
J r ., J a m e s  K. H e r b e r t , and R obert  L. L a n c e f i e l d . M. S. thesis, 71 pp. July 1933. 
(Flow Around a River Bend Investigated. F. L. Blue, Jr., J. K. Herbert, and R .  L.
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Lancefield. Civil Engineering, v. 4, pp. 258-260, May 1934.) Observations of a 
sharp bend on the Iowa River led to the following conclusions: The water surface 
at the outside of the bend is superelevated over that at the inside approximately
™  or 2 V  +  | 7 ^ - l V  l0ge Water
gr g ( 3 b  6s [_ \  fc2 /  e \ 2 r  — b J _ j )
near the surface flows toward outside of bend, while that near the bottom flows 
toward the inside, resulting in helicoidal flow. The longitudinal water surface 
profile at the inner bank drops rapidly at the upstream end of bend and is almost 
level at the lower end. The profile at the inner bank flattens, or sometimes even 
rises, at the upstream end and drops rapidly at the downstream end. Velocities 
are high where longitudinal profiles are steep and are usually greatest near the 
outer bank at the downstream end of the bend, while velocities are low where 
slopes are flat. Bends tend to move progressively downstream through erosion at 
points of high velocity and deposition at points of low velocity. Bibliography:
9 entries. — F. L. Blue, Jr.
The Hydraulics of the Curtis Bend of the Iowa River. W i l l i a m  D i x o n  
S m i t h  and G eorge  W ood B e e l e r . M. S . thesis, 72 pp., June 1936. This is. the 
third field investigation of the Curtis bend and was carried on during the academic 
year 1935-1936. Previous surveys were made by D .  L. Yarnell in 1925, and by 
Lieutenants Blue, Lancefield, and Herbert in 1933. The three surveys are com­
pared and correlated herein. Representative tests of a movable bed model of the 
bend constructed to a horizontal scale 1 :120 and a vertical scale 1 :30 are re­
ported. Bibliography: 8 entries. — F. T. M.
Energy Loss in Smooth and Rough Surfaced Bends and Curves in Pipe 
Lines. W e r n e r  S c^ i -u e a r t . Translated by F. T. M a v i s . Transactions of the 
Hydraulic Institute of the Munich Technical University, Bull. 3, pp. 81-99. (Pub­
lished in 1935 by American Society of Mechanical Engineers.) Paper reports tests 
of miter bends and is a continuation of previous investigations by Kirchbach. Tests 
were made on both smooth bends and on bends roughened artificially with the view 
to determining how much head loss is affected by roughness of the pipe surfaces. 
Resistance factors are shown graphically as a function of the Reynolds num­
ber. — F. T. M.
Concrete
Anchorages for Reinforcing Bars. C. J. P o s e y . Bull., Assoc. State Eng. 
Socs., v. 8, p. 79, Oct. 1933. The importance of anchorages is not sufficiently recog­
nized in specifications for design of reinforced concrete. Some anchorages must 
develop full stress in the bar; those in beams develop less than the yield point 
stress. Early tests of anchorages were based on comparative ultimate loads of 
pull-out specimens. Later, slip measurements were made at the free end of the 
embedment. Slip measurements at the loaded end of the embedment are necessary 
for a valid comparison of the relative value of different anchorages. Anchor bolts 
for columns would be stronger and more rigid if threaded or crenulated full 
length than if provided with hooks or nuts and washers. Further investigation 
should be concentrated on the development of a commercial bar having deforma­
tions of an efficient type. — C. J. Posey.
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Tests of Anchorages for Reinforcing Bars. C. J. P o s e y .  University o f  
Iowa Studies in Eng., Bull. 3, 1933. Reviewed by Dr. Fritz Emperger in Beton: 
and Eisen, pp. 197-200, June 20, 1935. Reinforced concrete. Tests of plain . bar 
anchorages of different radii showed that the hooks with larger radii carried more 
load for small slips (measured near the loaded end of the embedment) but carried 
a smaller ultimate load and showed greater variability. This effect continued 
from a hook diameter ten times that of the bar, to straight embedment, the total 
length of embedment being 22 times the diameter of the bar in all cases. A 
straight bar with surface covered with small indentations gave the smallest slip at 
all loads, and carried the highest ultimate loads, when compared with the hook 
series, and with a series of commercial deformed bars. Slips inside the specimen 
were transmitted to the surface by wires sliding in small tubes and measured by 
Ames dials. — C. J. Posey. ->
New Type of Reinforcing Bar Develops High Bond Stress. C. J. P o s e y .  
Eng. News-Rec., v. 110, p. 461, April 13, 1933. Tests described in Bulletin No. 3, 
University of Iowa Studies in Engineering, show that bars with small, closely- 
spaced notches or crenulations develop bond stresses about SO per cent higher than 
do ordinary commercial deformed bars. The crenulated bars are less likely to 
split the concrete. Their superiority is due to having a better balance between the 
shearing and bearing areas presented to the concrete without objectionable variation 
of cross-sectional area along the length of the bar or excessive angularity of 
bearing surfaces, — C. J. Posey.
Mechanical Aids to Concrete Mix Design. F. T. M a v i s .  Engineering News 
Record, v. 108, pp. 704-705, May 12, 1932. The exponential equation of the type 
suggested by Abrams can be determined nomographically as follows: Draw two 
parallel scales, one logarithmic scale graduated corresponding to the strength of 
concrete in pounds per square inch and the other a linear scale graduated according 
to water cement ratios or water content in gallons per sack of cement. Draw a 
straight line connecting respective values of strength and water content determined 
from laboratory data. Find the point of intersection of these lines or the center 
of gravity of points of intersection. Any straight line through this point intersects 
the two scales at corresponding laboratory observations. — P. T. M.
Job Curves and Water Cement Ratios. F. T. M a v i s .  (Letter) En­
gineering News Record, v. 108, p. 226, February 11, 1932. Abrams’ exponential 
14,000
formula S' =  --------  can be represented within the working range of water cement
7 W/C
27 ’00° r — 27’m
ratios by the equation S  =  — ~  1600 or G in which G is
G {o -f- 1600)
the gallons of water per sack of cement in the mixture and S  is the 28 day 
strength of cylinders in pounds per square inch. — F. T. M.
Some Slide-Rule Short Cuts for Reinforced Concrete Design. C. J.
P osey. Civ. Eng., v. 2, p. 190, March 1932. Reprint in the Iow a Transit, Dec. 
1932. Certain computations which recur frequently in reinforced concrete design 
can be arranged for direct slide rule computation if a few marks are added to the
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scales of a common slide rule. The slide rule can then take the place of tables of 
diagrams and the computational work can be reduced to a minimum. Examples are 
given for determining proportions of beams, depth of slabs, tensile steel, bar 
spacing, unit shear, unit bond, location of neutral axis, and stirrup spacing. —
C. J. Posey.
C o n d u it s
Determination of Kutter’s n for Reaches of the Iowa River. A r n o ld  
N e s h Ei m . M. S. thesis, June 1925, 19 pp. Field observations made during the 
summer of 1924 on two reaches of the Iowa River below the Iowa City dam 
indicated an average value of n — .029 for the upper reach and n =  .027 for the 
lower reach. The upper reach extended 1518 ft. downstream from the University 
gage house and the lower reach extended 1066 downstream from a point 700 ft. 
below the Benton Street bridge. Hydraulic radii ranged from approximately 5 to 
10 ft. for a channel about 250 ft. wide. The bed of the channel was composed of 
loose rock, coarse gravel, and sand. The banks of the lower course were of clay 
with very rugged surfaces. The banks of the upper course were covered with a 
heavy growth of small willows and vegetation affecting the flow at stages of 47 ft. 
and upward (hydraulic radius greater than 8.7 ft.). — F. T. M.
The Flow of Water in Vitrified Clay Pipe. V e r n e r  R a y m o n d  M u t h . 
M. S. thesis, 1923, 23 pp. Data published in Bull. No. 854 of the U. S. Depart­
ment of Agriculture entitled “The Flow of Water in Drain Tile” by D. L. 
Yarnell and Sherman M. Woodward were used as a basis for deriving empirical 
equations for the flow of water in clay tile from 4 to 12 in. in diameter. These 
data were supplemented during the summer of 1922 by tests of commercial pipe 
ranging in size from 12 in. to 30 in. in diameter. The following formulas were 
derived: For clay tile based on the data in Bull. 854: v — 121.4 r°-635 so s . The 
formula in the best agreement with all tests reported in the thesis is v — 126.6
, . 0 . 6 2 1  J Ü 0 9  ___p i /
Friction Loss in Circumferential Lap jointed Pipes. O s c a r  P o e b in g  and 
J o s e p h  S p a n g l e r . Translated by F. T. M a v i s . Transactions of the Hydraulic 
Institute of the Munich Technical University, Bull. 3, pp. 79-80, (Published in 1935 
by American Society of Mechanical Engineers). Friction factors for a conduit 
of brass tubing 2.75 in. in internal diameter and 13.4 ft. in length are presented for 
pipes made up of conical sections approximately 4 in. long and lapped at the joints. 
Tests included flow first in one direction and then in the other. Data are also 
presented for lapped cylindrical sections approximately 4 in. long and alternately 
70 and 72 mm. inside diameter. Data from these tests are compared witli tests for 
a smooth brass pipe of comparable size and the results are shown graphically.
— F. T. M.
The Hydraulic Design of Flume and Siphon Transitions. J u l i a n  H i n d s . 
Discussion by F. T. M a v i s . Trans. Am. Soc. C. E., v. 92, pp. 1463-1472, 1928. A 
summary of model tests of tunnel inlet transitions for a proposed flood diversion 
tunnel at Nürnberg, Germany are reported. Tests were conducted under the 
direction of Prof. Theodore Rehbock by the staff of the Hydraulic Laboratory of 
the Technische Hochschule in Karlsruhe, Germany. — P. T. M.
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Varied Flow in Open Channels of Adverse Slope. A r t h u r  E. M a t z k e . 
Discussion by F. T. M a v i s . Trans., A m . Soc. C. E., v. 102, pp. 669-671, 1937. 
Discusser cautions against the use of the better known backwater functions for 
irregular sections except as general guideposts and adds that for solution of back­
water problems in regular, artificial conduits the so-called varied-flow function may 
effect a saving in time over the more elementary method of successive approxima­
tions. Discusser prefers method of successive approximations, in which there is no 
necessity for overlooking such factors as roughness and effective section, and 
obscuring such physical quantities as elevation, slope, and discharge by introducing 
dimensionless ratios. — F. T. M.
Recent Studies on Flow Conditions in Steep Chutes. E, W. Lane. Eng. 
News-Rec., v. 116, p. 5, Jan. 2, 1936. This article is based on observations of the 
flow in an irrigation chute and discusses the changes which take place in the flow 
conditions as the water progresses down this structure. The action at vertical 
curves and the waves set up in a channel of non-uniform width are also treated. 
Data are given on the friction losses of flow at high velocities. Comparisons are 
made between the observed and computed positions of the hydraulic jump. — B ■ W. 
Lane.
The Flow of Water in Drain Tile. D. L. Y a r n e e l  and S h e r m a n  M. W ood­
w a r d . Bull. No. 854, U. S . Department of Agriculture, August 26, 1920, 58 pp. 
Experiments were made with the usual commercial sizes of both clay and concrete 
pipes from 4 to 12 in. in diameter flowing full and partly full. Slopes ranged 
from 0.05 to 1.50 per cent for each size and kind of tile. The tile were laid in 
earth in a wooden flume 570 ft. long exactly as drains are installed in the ground. 
The following general conclusions were drawn: (1) The coefficient of roughness 
n in the Kutter formula as obtained by experiments in a drain or pipe at any 
depth of flow less than full does not necessarily apply to that drain or pipe when 
flowing full. (2) The exponent of the slope 5" is practically 0.5. In other words 
the loss of head is in proportion to the 2.0 power of the velocity and not the 1.8 
power as given by many authorities. (3) The exponent of the hydraulic radius R  
is two-thirds. (4) The Chezy formula gives the same velocity of flow in a pipe 
flowing one-half full as in one flowing full with the grade constant. The experi­
mental data obtained seemed to disprove this commonly accepted theory. — F. T. M.
Investigation of Velocity Formulas for the Calculation of Flow of 
Water in Open Channels. S ing-W u H su . M. S. thesis, 209 pp., 38 plates. 
January 1926. The description of a set of experiments designed to investigate dis­
crepancies in the commonly preferred formulas for open channel flow is prefaced 
by an historical review and summary of the work of more than forty investigators, 
starting with the work of Castelli in the early 17th century.
Data obtained by Bazin, and Humphreys and Abbot show that the constant C 
in the Chezy formula varies with the slope even when the roughness remains 
constant. Although the Kutter formula indicates that C increases with increase 
of slope when the hydraulic radius is less than one meter, and decreases with in­
crease of slope when the hydraulic radius is greater than one meter, Bazin’s 
experiments show that the relation is complicated, and probably depends upon the 
roughness.
Experiments were made by the author in a variable-slope flume 50 ft. long, 0.69
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it. wide, and 1.8 ft. deep. Three different degrees of roughness were tested, over 
a range of hydraulic radii from 0.15 to 0.28 ft., and of slopes from 0.0001 to 
0.0005. After 16 of the 180 experiments performed were rejected as abnormal, 
the results showed systematic variation of Chezy’s C with the slope and roughness, 
but not in agreement with Kutter’s formula. The experiments did not cover a 
wide enough range to permit of improving Kutter’s formula, or of developing a 
new formula on a sound mathematical and practical basis. Bibliography: 64 
entries. — C. J. Posey.
A Study of Flow Conditions at the Outlet of a Circular Pipe. W aldo  E. 
S m i t h . M. S. thesis, 40 pp., 20 figs. June 1924. Conduit was straight and level 
and made of 12 lengths (30 ft.) of 12 in. vitrified clay pipe. Eleven piezometers 
were attached in one straight line to each of the three sections of pipe farthest 
downstream. Twelve piezometers were spaced equally around the periphery at a 
section 1.25 ft. from the outlet. The author reported: (1) When the pipe flows 
full and discharges freely into air, the hydraulic gradient is defined by the 
piezometers to a point within 1.25 ft. of the outlet. Rapid changes in velocity 
and pressure occur nearer the outlet, however, and in this region each stream line 
has its own hydraulic gradient. (2) When the pipe flows partly full at the outlet 
and discharges freely into air or is partly submerged, the hydraulic gradient is 
defined by the piezometers to about the point where the water breaks away from 
the top of the pipe. (3) When the pipe is fully submerged the hydraulic gradient 
is defined by the piezometers and strikes the plane of the outlet below the tailwater 
surface a distance equal to the part of the velocity head which is subsequently 
regained. (4) The point at which the projected hydraulic gradient pierces the 
plane of the outlet when the pipe flows full is a function of the depth of sub­
mergence. Bibliography : 9 entries. — IV. E. Smith.
Pressure and Velocity Distribution at Conduit Outlets. H a r r y  D a l e  
B r o c k m a n . M. S. thesis, 61 pp. June 1926. Seven tests were run in a wooden 
pipe 12 ft. long and 5 in. sq. inside equipped with piezometers in each side through­
out its length. Thirty-eight piezometers were installed in each side in the last foot 
of pipe. Discharges were measured by venturi meter and ranged from 230 to 955 
gal. per min. Velocities were measured by means of a pitot tube inserted through 
stuffing-boxes in the top of the pipe. Tests indicated that the hydraulic gradient 
pierced the outlet approximately 22 per cent of the vertical dimension of the pipe 
above the center. The gradient dispersed into gradients for individual horizontal 
filaments at about one diameter upstream from the outlet; these gradients ap­
proached atmospheric pressure at the outlet but were consistently below atmos­
pheric pressure at the piezometer section i  in. from the end of the pipe. Between 
the point of dispersion of the hydraulic gradient and the end of the pipe, the fila­
ments below the center of the pipe had a positive and those above the center had a 
negative acceleration equal, approximately, to the changes in pressure. Negative 
pressures at the outlet were charged to a tendency of the jet to expand as it left 
the pipe. Bibliography: 9 entries. — Nolan Page.
A Study of Pressure and Velocity Changes at the Outlet of a Conduit.
F red  B. S m i t h . M. S . thesis, 31 pp. June 1927. Data from tests made by Harry
D. Brockman (Pressure and velocity distribution at conduit outlets, M. S . thesis 
1926) were analyzed to determine the experimental accuracy of the tests and to
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establish “energy” (velocity-plus-pressure head) gradients for each of S horizontal 
filaments of water flowing in a pipe 12 ft. long and 5 in. square inside. Comparison 
of discharges computed for each cross-section at which velocities were measured 
with discharges measured by a venturi meter established the limits of accuracy 
of original test data. Energy gradients were computed and drawn for the more 
accurate tests. The energy gradients were nearly parallel for all 5 horizontal 
filaments. However, there was a slight tendency for the gradients of upper fila­
ments to be steeper, indicating a more rapid loss of energy in that portion of flow 
where velocity head was changing to pressure head near the pipe outlet. Bibliog­
raphy: 3 entries. — N o l a n  P a g e .
Investigation of Pressure and Velocity Distribution in a Conduit. J. C.
D c c o m m u n . M. S. thesis, 78 pp. June 1928. Tests were made to determine the 
hydraulic gradient, velocity and pressure head in a conduit 5 in. square. The 
former was affected by air leakage which was corrected by sealing with white 
lead and submerging upper portion of conduit in water. Under these conditions 
the normal hydraulic gradient pierced the plane of the outlet a distance from the 
bottom equal to 55 per cent of the vertical dimension. The pressure head in a 
cross-section, observed with six types of instruments, varied widely. Reliable pres­
sure readings were observed by means of an instrument with a long tubular body 
with three holes upstream from the middle of the tube which projected into the 
current. Tests made with this instrument clearly showed that while velocity 
varied in a cross-section, the pressure head remained constant. Bibliography: 14 
entries. — J. C. Ducommun.
Investigation of the Pressure and Velocity in Conduit Outlets. R a y m o n d  
N. W e l d y . M. S. thesis, 30 pp. June 1929. Tests were conducted in a wooden 
pipe 32 feet long and 81 in. square inside. The hydraulic gradient was determined 
and separate readings of pressure and velocity were made at 225 points in the 
last 154 in. of the pipe. Instruments made of i  in. brass tubing were inserted from 
discharge end. The tests indicated the hydraulic gradient pierces the outlet at a 
point approximately 5.5 per cent of the vertical dimension of the pipe, above the 
center. The velocity remains practically constant to within 6 in. of the outlet, 
after which the velocity of top filaments decreases and the velocity of bottom 
filaments increases. The pressure of the lower filaments decreases as the outlet is 
approached. There is a negative pressure on the top filaments which increases to 
a point 10 in. from the outlet and then decreases. The slope of the energy gradient 
increases from bottom to top filaments indicating an increased friction loss. This 
also shows that greater loss occurs when velocity is transformed into pressure than 
when pressure is transformed into velocity. Bibliography: 9 entries. — Raymond 
N. Weldy.
Measurement of Pressure in the Interior of Pipes. H e r b e r t  E. H o w e . 
M. S. thesis, 28 pp. August 1930. The experimental study of various devices to 
measure pressure in the interior of a 6 in. pipe. Devices used were a “tea ball” (a 
tinsel-filled perforated ball), parallel bars with holes drilled in the facing sides, 
hollow tubes closed at the ends and perforated about 4 in. from the upstream 
end, and parallel plates with nipple rising from top plate for pressure connec­
tion. The latter instrument gave the best results, its error being in the order
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of 0.0036 I ----- ). The tea ball was the least accurate, its error being 0.52 [ ------ )\ 2g J  \ 2 g  J '
Bibliography: 6 entries. — J. IV. Howe.
Pressure and Velocity Conditions at a Conduit Outlet. N o l a n  P a c e . 
M. S. thesis, 59 pp. June 1931. Four tests were run in a wooden pipe 32 ft. 
long and 86 in. square inside. Weighed discharges ranged from 4.92 to 6.00 sec. 
ft. and the pipe flowed full to the outlet in all tests. Piezometers in the sides of 
the pipe provided data for hydraulic gradients. Pressure and velocity-plus-pressure 
heads were measured separately at 25 points in each of 7 sections in the last 1.2 ft. 
of pipe for 3 tests and in each of 11 sections in the same range for one test by 
means of í  in. brass tubes inserted from the discharge end. Tests indicated that 
the height at which the hydraulic gradient pierced the outlet of the pipe was 
dependent on the discharge, approaching the center as the discharge increased. At 
a point 1.0 ft. from the outlet, a dispersion of pressure occurred, the pressure in 
filaments below the center of the pipe decreasing and the pressure in filaments 
above the center increasing so as to approach atmospheric pressure at the outlet. 
The distribution of velocities around the center line of the pipe was constant to 
0.4 ft. from the outlet. There the bottom velocities increased and the top velocities 
decreased. The pressure-plus-velocity head gradients of upper filaments increased 
in slope near the outlet; similar gradients for bottom filaments showed a slight 
tendency to decrease in slope. Bibliography: 8 entries. — Nolan Page.
Loss of Energy in the Gradual Expansion of an Open Channel. D o n a l d
D. C u r t i s . M. S. thesis, 120 pp. August 1931. Expansion in a vertical plane only 
was produced in a transparent-walled channel by means of a model dam, 1.5 ft. 
high with rounded crest of 9 in. radius, fitted with adjustable sloping downstream 
face. Tests were made with 6 different apron slopes, flattest 7 degrees and steepest 
45 degrees. Profile and velocity were obtained so that total energy could be 
computed. Momentum and energy laws were applied to attempt to find rational 
equations to predict the phenomena. They were unsuccessful, except that the 
momentum theorem checked surface elevations closely. It was found that the 
loss of head increased with the slope of the apron (degree of abruptness of 
expansion) but not so fast as the slope. Bibliography: 26 entries. — Donald D. 
Curtis.
Flush Wave Velocities in Sewers. E. W .  L a n e  and O .  J. B a l d w i n . Eng. 
News-Rec., v. 116, pp. 848-849, June 11, 1936. Describes the results of experiments 
on waves produced by flush tanks in sewers with very flat gradients, including 
diagrams showing the formation of the wave front and the velocity of movement. 
Shows why the wave front moves faster than the velocity of the water forming 
the wave. — E. IV. Lane.
C u l v e r t s
The Flow of Water Through Pipe Culverts. D avid  L . Y a r n e l l , S h e r m a n  
M. W oodw a rd , and F loyd  A. N a g lEr . Public Roads, v. 5, No. 1, pp. 19-33, 
March 1924. A brief report of co-operative tests by the U. S . Bureau of Public 
Roads and the State University of Iowa. Three facts stand out from the results 
of the tests as wrorthy of the most serious consideration of highway engineers:
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(1) Highway engineers must pay more attention to the coefficient of roughness of 
the material forming a culvert. (2) The quantity of water a culvert will dis­
charge is directly proportional to the square root of the head and bears no relation 
to the grade at which the pipe is laid if the pipe flows full, as it should at 
maximum capacity. (3) The head loss at the culvert entrance is an important 
factor in determining the discharge and varies greatly with the type of entrance 
used. Details are presented in tables, diagrams, and working formulas. — F. T. M.
Capacity of Creosoted-Wood Culverts Studied. F. T. M a v i s . Eng. 
News-Rec., v. 113, pp. 486-487, Oct. 18, 1934. A box culvert 2 ft. square 
and 32.S ft. long, made of creosoted-wood stock l i  in. thick with laminations 
transverse to direction of flow, was tested with square-cornered entrance 
and with entrance rounded to radius of 1 ft. Test data were represented by
/  n'-L \  V 2
H  — i 1 -(- Ce +  30 —’ *n w 1^'c*1 ^  ~  total head on culvert, ft., Ce =  en­
trance loss coefficient (0.5 for square entrance, 0.1 for rounded entrance), n ~  
Manning’s coefficient (0.0105 in these tests), L  =  length of culvert, ft., R  =  hydrau­
lic radius, ft., V  =  velocity of flow through culvert, ft. per sec. The Williams1 
Hazen coefficient C was 136. The formula is substantially in agreement with tests 
by Prof. F. A. Nagler on creosoted wood culverts 30 ft. long with cross-sections 
8x14 in., 12 x 20 in., and 18 x 25 in. — F. T. M.
Diagrams for Flow of Water through Culverts. F. T. M a v i s . (Contribu­
tion to “Concrete Pipe Drainage Structures for Highways and Railroads” by M . 
W. L o v in g , Bull. 16, American Concrete Pipe Association, Sept. 1937, pp. 19-21). 
The diagram for capacity of concrete pipe culverts with square-end-wall entrance 
and square corners for pipes 12 to 48 in. in diameter and 30 to 500 ft. in length 
is based on the formula proposed by Yarnell, Nagler, and Woodward. The diagram 
for flow through larger sizes of pipe from 24 to 84 in. in diameter is based on a 
rational culvert formula using Mannings n =  .013 and a coefficient of entrance 
loss, Ce =  0.5. — F. T. M.
The Flow of Water through Culverts. D avid  L. Y a r n e l l , F loyd  A. 
N a g l e r , and S h e r m a n  M. W o odw a rd . Bull. 1, Univ. of Iowa Studies in Eng., 
June 1926, 128 pp., 23 plates. Results of 3301 experiments on the flow of water 
through short conduits lead to working formulas for the flow of water through 
concrete pipe culverts with beveled lip entrance, concrete pipe culverts with 
square-cornered entrance, vitrified clay pipe culverts with regular bell end up­
stream, corrugated metal pipe culverts, and box culverts of reinforced concrete. 
The pipe culverts were 12, 18, 24 and 30 in. in diameter. Box culverts were
2 ft., 3 ft., and 4 ft. square and others were 4 ft. wide and 0.5, 1, 2, 2.5, and 3 ft. 
high. Tests were made on culverts flowing partly full and full both with free and 
submerged outlets. The tests were conducted co-operatively by the Bureau of 
Public Roads, U. S . Department of Agriculture, and the State University of 
Iowa at the University hydraulic laboratory. — F. T. M.
The Flow of Water Through Culverts. Public Roads, v. 7, No. 7, pp. 149- 
151, September 1926. Conclusions from report on tests conducted by the Bureau 
of Public Roads and the State University of Iowa and reported in Bull. 1, Uni­
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versity of Iowa Studies in Engineering entitled “The Flow of Water Through 
Culverts” by D. L. Yarnell, Floyd A. Nagler, and Sherman M. Woodward.— 
F. T. M.
An Important Hydraulic Factor in Culvert Design. Discussion by F. A. 
N agler. Municipal and County Engineering, v. 66, pp. 56-60, February 1924. 
Entrance and velocity losses cannot be disregarded in culvert design. — F. T. M.
D am s
Tests on Sand Dikes Protected Against Erosion by Overflowing Water.
K a r l  J e t t e r . M. S. thesis, 89 pp. August 1931. A model dike 1.5 ft. high, 3 ft. 
wide at the crown with 1 :4 slope upstream and downstream was tested in a glass- 
walled flume 2.5 ft. wide. The model was' constructed of sand, finer than No. 28 
sieve, of which 42 per cent was retained on a No. 48 screen and 90 per cent on 
a No. 100 screen. Comparative data are presented on the stability of model dikes 
of sand and of model sand dikes protected by stone paving. The models were 
tested for free and submerged overflow and the data were interpreted for a hypo­
thetical prototype four times the size of a model. Bibliography: 12 entries. — 
F. T. M.
The Causes of Failure of Gravity Masonry Dams. T e v f i k  F i k r e t . M. S. 
thesis, 103 pp. June 1932. Recorded failures of dams from 10 to 190 feet high, 
mostly in the United States, are classified according to geographical location, type 
of construction, cause of failure, number of lives lost, and magnitude of property 
damage. The information was obtained from a list of 293 failures compiled by 
R. J. Tipton under the direction of M. C. Hinderlider (see Proc. Am. Soc. C. E-, 
1932) and a list of 245 dam failures compiled by the Hydro-Electric Engineers, 
West Virginia Power and Transmission Company (23rd Annual Convention, 
Pennsylvania Electric Association, 1930).
The author concludes that “an extensive and critical study of the causes of dam 
failures in the past should be made by every engineer who assumes the respon­
sibility of designing and supervising the construction of a dam, no matter of what 
type or magnitude.” He favors effective state supervision to prevent the assump­
tion of complete responsibility by one man. — C. J. Posey.
History of the Art of Building Earth Dams. O rv a l  J. B a l d w i n . M. S. 
Thesis, 120 pp., June 1934. The development of the earth dam is traced as it 
occurred in the major centers namely Europe (England), Asia (India), and North 
America (United States). One of man’s oldest engineering works, it undoubtedly 
antedates the more spectacular bridges and buildings of which documentary 
records have been left behind. Such records as exist indicate that protection 
against the extremes of rain-fall variation was responsible for the development in 
legendary times as it was also in India and Western United States and still is 
today. In England and Eastern United States on the other hand, the need was 
that of storing water supply for the highly concentrated centers of population and 
industry. The basic principles to be observed in constructing these dams were 
vaguely known in earliest times and were clearly stated a century ago. Yet the 
history of earth dams, even now, is dotted with failures resulting from violation 
of these principles. In general, failures were attributable to (a) insufficient spill­
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way; (b) inadequate section; (c) improper consolidation of material; or (d) 
breaching by flow along outlet pipes or through porous foundations. Bibliography: 
88 references. These and approximately 500 non-listed articles provide basis for 
thesis. — Orval J. Baldwin.
Security from Underseepage, Masonry Dams on Earth Foundations.
E. W. L a n e . Trans., Am. Soc. C. E., v. 100, p. 1235, 1935. This paper gives the 
results of analyses of more than 250 masonry dams built on earth foundations 
based on the path of creep theory originated by Bligh. It develops a modified 
theory in which vertical distances are considered to be more resistant to failure 
than horizontal on the ground that on such vertical surfaces the contact of the 
foundation material with the dam would be more complete. A table of permissible 
length of percolation path on this basis for various types of material was 
developed. — E. W . Lane.
Gravity Dams Arched Downstream. B. J. L a m b e r t . Transactions, American 
Society of Civil Engineers, v. 96, pp. 1178 1183, 1932. Discussion by F loyd A. 
N ag lER, pp. 1191-1192 and by B. J. L a m b e r t , pp. 1192-1193. When a canyon site 
seems best adapted to a gravity type of arch dam there is some question as to the 
desirability of it in an upstream direction. The writer advocates the straight 
gravity dam for such cases as, for example, the St. Francis Dam and presents 
further arguments to support his theory that in some situations a dam curved 
downstream may be preferable to the other two types.
The Effect of Symmetrical and Unsymmetrical Roller Gate Operation 
on Discharge Coefficients. C l a r e n c e  N .  M o r a n g . M . S. thesis, 68 pp. February
1937. The advantages of roller gates over other movable type dams for the 
upper Mississippi River navigation dams are discussed. A 1 :18 scale model of 
three typical roller gates was built in a 16 ft. channel and tested under a wide 
range of gate openings, and upper and lower pool heights to determine the dis­
charge through the three gates, one side gate, or the center gate. Because of 
excellent approach conditions, end contractions were about equally suppressed for 
free discharge regardless of whether one or several adjacent gates were dis­
charging. In Q — CA V2gH  where H  =  head to geometric center of gate opening, 
C varied from about 0.71 at 2 ft. gate opening to about 0.58 at 10 ft. opening. 
For submerged discharge at the same head and gate opening the discharge with 
two end contractions was 2 to 9 per cent greater than the discharge with no end 
contractions. In Q =  cA \/2gh where h =  difference in elevation between upper 
and lower pools, c varied widely and apparently depended on amount of submerg­
ence and angle of lip. The results of the tests, both free and submerged discharge, 
are summarized by a family of curves in which prototype dimensions and discharges 
are used. — Clarence N. Morang.
A Study of Piping Action Below Masonry Dams on Earth Foundations 
by Electric Analogy. K. W. L i u .  M. S. thesis, 105 pp. August 1937. An in­
vestigation of the stability of dams on permeable foundations as related to the 
escape pressure gradient theory. An investigation was made of all masonry dams 
for which sufficient data could be found which were founded on earth. In all, 
29 dams were studied. The escape pressure gradients were determined by means 
of an electric analogy apparatus on the assumption of homogeneous foundation
http://ir.uiowa.edu/uisie/19
material. The magnitude of the gradient at the lower edge of each dam was 
determined and a comparison made between this gradient and the gradient neces­
sary to cause failure. The results indicated very close agreement between the 
stability of the dams as indicated by this comparison and the experience with the 
actual structures. Bibliography: 70 entries. — B. W. Lane.
Stresses Around Circular Holes in Dams and Buttresses. I .  K .  S il v e r ­
m a n . Discussion by C. J. P o s e y . Proc., Am. Soc. C. E., v. 63, pp. 403-404, 
February 1937. Mr. Silverman shows that tensile stresses occur near longitudinal 
circular holes in concrete gravity dams. The proper placing of the reinforcing bars 
to carry these tensile stresses is of great importance. The steel should never 
“follow around” the inside of a bend. The embedment should be sufficiently long; 
and the bond value sufficient to develop the strength of the bar with as little 
yielding as possible. — C. J. Posey.
Dams, Ancient and Modern. E. W .  L a n e . Proc., Midwest Power Conference, 
v. 1, pp. 147-153, 1938; Journal of the Association of Chinese and American En­
gineers, Vol. XIX, No. 6, Nov.-Dee., 1938. Discusses the early history of dam 
building beginning with beaver dams and their development through geological 
time. Describes early dams in Egypt, Mesopotamia, India, Ceylon, and Arabia. 
Gives data on early dam construction in Europe and United States. Draws up a 
classification of the various types including the beaver, timber, rock fill, earth, 
masonry, and moveable dams, giving the subdivisions under each. It describes each 
class and gives a typical example of it. — E ■ W. Lane.
D r a f t  T u b e s  a n d  D i f f u s e r s
Flow Characteristics in Elbow Draft Tubes. C h a r l e s  A. M o c k m o r e . 
Ph.D. thesis, 120 pp., August 1935. (Mockmore, C. A. Flow Characteristics in 
Elbow Draft Tubes, Transactions, Am. Soc. C. E., v. 103, pp. 402-437, 1938. 
Also: University of Iowa Reprints in Engineering no. 1). Tests of four 90-degree 
bends in a 6-in. pipe line of pyralin indicate bend loss of 0.15 V-12g for a standard 
bend with 8-in. axial radius. A special elbow flattened in the plane of the bend 
offered the least resistance to flow, with a bend loss of 0.13 F 2/2g. Tests of four 
model quarter-turn draft tubes of transparent pyralin of 6-in. throat diameter 
indicated efficiencies between 47 and 65 per cent. Efficiency is defined as the ratio1 
of the head actually recovered to the head available for recovery. Suggestions 
for the design of elbow draft tubes are made on the basis of the tests. Bibliog­
raphy: 39 entries. — Discussion by F. T. M a v i s . Transactions Am. Soc. C. E., 
v. 103, pp. 438-441, 1938. Bibliographic references to 14 papers on flow of water 
around bends and induced currents in flowing water. — F. T. M.
A Study of the Hydrodynamics of Spreading Draft Tubes. A n d r e a s  
L u k s c h . Ph.D. thesis, 193 pp. June 1935. (Extension of author’s M. S. thesis 
entitled “A Study of the Influence of Rotational Flow in the Turbine Draft Tube 
in Relation to the Distance from the Tail Race Floor.” 78 pp. July 1933. Bib­
liography: 44 entries.) Dissertation presents a critical digest of theories and 
tests of spreading draft tubes by Prasil, White, Moody, Kaplan and Spannhake, 
and describes tests conducted on a small metal draft tube and on its counterpart in 
clear glass. The objects of the experiments were: (1) to determine for a model 
draft tube the discharge under constant head as a function of the distance of the
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draft-tube outlet from the tailrace floor; (2) to determine the effect of vertical 
components of flow on the relation between the discharge under constant head and 
the distance of the draft tube from the tailrace floor; (3) to observe and to study 
the stream paths in a glass-model draft tube; and (4) to apply an electrical analogy 
and a graphical method to the analysis of the flow through a spreading tube.
The following conclusions were drawn from the tests: (1) For axial flow the 
discharge under constant head is a maximum if the distance of the draft-tube 
outlet from the tailrace floor is about i  d, where d is the throat diameter of the 
draft tube; for greater distances the discharge decreases rapidly; for free dis­
charge it is only about 70 per Cent of the maximum. (2) For rotational flow 
the discharge is independent of the distance of the draft-tube outlet above the 
floor if the distance is greater than about i  d. (3) Axial-flow conditions can exist 
in actual water-turbine operation, and therefore a bell-shaped draft tube should 
be located at the position of maximum discharge for axial flow. (4) Observations 
of the glass model indicated that for axial entrance conditions the flow does not 
fill the divergent part of the tube unless the distance of the outlet is about i  d 
above the tailrace floor; in that position the floor has the effect of forcing the 
flow to follow the walls of the draft tube. (5) For rotational flow a vortex forms 
close to the axis, and most of the discharge through the tube takes place near the 
side walls. For distances greater than about i  d, the location of the tailrace floor 
does not affect the vortex motion, and it has no effect on the flow through the 
draft tube under conditions of non-axial entrance. Bibliography: 52 entries. — 
F. T. M. (Eng. News-Rec., v. 115, pp. 434-435. Sept. 26, 1935.)
Flow in Bends of Quarter-Turn Draft Tubes. C. A. M o c k m o r e . Civil Eng., 
v. 4, p. 460, Sept. 1934. Abstract of paper read before joint session of Irrigation 
and Power Divisions, Am. Soc. C. E., at Vancouver Convention, July 12, 1934. 
Paper is a digest of work done at the University of Iowa as a thesis for a Ph.D. 
See abstract of “Flow Characteristics in Elbow Draft Tubes,” by C. A. Mockmore.
Tests of Model Flaring Draft Tube with Conical Inserts. Hsi-Hou 
C h a n g . M. S. thesis, 79 pp., June 1937. See abstract of “Hydraulic Tests of 
Small Diffusers” by F. T. Mavis, Andreas Luksch, and Hsi-Hou Chang. Bulletin 
13, Univ. of Iowa Studies in Eng., March 15, 1938. Bibliography: 15 entries.
Hydraulic Tests of Small Diffusers. F. T. M a v i s , A n d r e a s  L u k s c h , and 
Hsi-Hou C h a n g . Bulletin 13, Univ. of Iowa Studies in Eng., 24 pp., March 15, 
1938. Tests of two small diffusers resembling spreading draft tube models of 
brass and glass respectively are reported. The diffusers were 5.67 in. high, 1.77 in. 
in diameter at the throat with an included angle of 17 degrees between side, walls. 
Diffuser models were operated at a constant head of 1.78 ft. and observations of 
hydraulic efficiency and flow characteristics are summarized quantitatively and 
qualitatively. For radial inflow the discharge under constant head was a maximum 
when the clear distance between diffuser outlet and impact plate was about one- 
fourth the throat diameter. For angular inflow and greater distances between tube 
and plate the discharge was virtually independent of the position of the impact 
plate. Diffuser models tested with conical inserts showed that for radial inflow 
none of the conoids tested increased appreciably the efficiency of energy conversion 
in the: diffuser as measured by rate of discharge through the diffuser at constant 
head. 9 footnote references. — F. T. M. I
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D r a in a g e
Hydraulic Tests of Flap Valves on Drainage Pipe Outlets. F. A. N a g l e r . 
Engineering News-Record, v. 91, pp. 1052-1053. December 27, 1923. Tests were 
made of double-hinged cast-iron flap gates of the “Calco” type manufactured by 
the California Corrugated Culvert Company. Three sizes of gates were tested 
18, 24, and 30 in. in diameter and outlet velocities ranged from 1 to 8 ft. per sec. 
Curves show that at a velocity of 4 ft. per sec., the angle between the gate and 
the vertical was about 30 deg. for free discharge and 45 deg. for submerged 
discharge. At velocities of 8 ft. per sec., the corresponding angles were about 45 
deg. and 75 deg. respectively. The loss of head through any gate was less than 
0.01 ft. under all velocities of flow when the water discharged from the outlet 
freely into the air. The loss of head for submerged outlets was a maximum for 
velocities between 2 and 3 ft. per sec. and was roughly 1 in. for the 18 and 24 in. 
diameters and l i  in. for the 30 in. diameter. The maximum leakage through the 
gate under heads varying from 1.6 to 4.5 ft. on the center of the gate was 0.015 
sec. ft. when the gate seat was free from debris. — F. T. M.
The Effect of Agricultural Drainage upon the Flood Run-off. S h e r m a n  
M. W oodw ard  and F loyd  A. N a g l e r . Transactions, American Society of Civil 
Engineers, v. 93, pp. 821-839, 1929. A critical examination of the records of 
hydrologic data for the Des Moines and Iowa River watersheds show that during 
flood periods there has been no significant change in their behavior which may f)e 
attributed to drainage. The total run-off from storms of light precipitation; the 
maximum rates of discharge, and the rain w'ater storage conditions within the 
basin seem to have been unaltered by the extensive drainage operations. The 
drainage operations on the watersheds of these two rivers involved the con­
struction of tile drains, open ditches and some straightening of stream channels — 
typical operations in drainage projects in the Upper Mississippi Valley. Since there 
has been no appreciable change in the run-off from these watersheds which have 
experienced extensive drainage, it appears, therefore, that agricultural drainage 
has had a negligible effect upon the magnitude of either the total flow or the 
maximum discharge of the floods of the Mississippi River, less than 5 per cent of 
the watershed of which has witnessed agricultural drainage operations. — F. T. M.
E l e c t r ic a l  A n a l o g ie s
A Study of Certain Analogies in the Fields of Dynamics and Elasticity.
R o bert  K. V i e r c k . M. S. thesis, 75 pp., August 1933. Fundamental dynamic 
theory results in the known analogical relations indicated by the following table :
Expression Hydrodynamics Attraction Heat Flow
Flow of 
Electricity



























































The identity of principal stress lines in the field of elasticity to stream lines and 
equipotential lines in dynamic fields is proven for two special cases. Solution in 
one dynamic field may be used in analogical fields. An outline is given of various 
experimental methods resulting from the analogy. The electrical conductance 
method and apparatus is discussed in detail and application is made to a particular 
problem of seepage flow under a dam. Identity of boundary conditions in the 
analogical fields is paramount for correct results. Bibliography: 95 entries. — 
Robert K. Vierck.
The Solution of Certain Two-Dimensional Flow Problems by Means of  
an Electrical Analogy. H o r a c e  F e n n e l l  Sykes, J r .  M. S. thesis, 47 pp. June 
1935. The thesis presents the mathematical interpretation of the electrical analogy 
and explains briefly by illustrative examples approaches to the solution of hydro­
dynamics problems: (1) by the assumption of a functional relationship, (2) by 
the method of Schwarz-Christoff el, (3) by the velocity method (conformal map­
ping), (4) by graphical solution, and (5) by the electrical analogy.
The electrical analogy is applied to the solution o f: (1) the flow over an 
infinitely long cylinder resting on a horizontal plane; (2) the flow in a channel 
of uniform depth whose width changes abruptly from zv to i  w;  (3) the elec­
trostatic flux lines and equipotential lines for an electrostatic machine for pro­
ducing pure tones; (4) the surfaces normal to the flow lines through a spreading 
draft tube assuming a perfect liquid; and (5) the pressure distribution on the 
upstream face of a spillway dam. Bibliography: 54 entries. — P. T. M. (Eng. 
News-Rec., v. 115, pp. 435-436. Sept. 26, 1935.)
F loods
Prediction of Floods. P i n g - Y i  L i n . M. S. thesis, 202 pp. January 1926. On 
the hypothesis that flood prediction is the most economical means of flood protec­
tion, the author considers the flood problem from several angles. Chapter I deals 
with the propagation of flood waves on rivers and presents mathematical deriva­
tions of formulas for determining the rate of propagation of flood waves, for 
computing the velocity of flood wave, and for predicting the height of the wave. 
Chapter II develops equations for the profile and volume of a roll wave and a 
translatory wave. Chapter III deals with actual floods, principally the 1924 floods 
at Iowa City. Although some of the physical data were assumed, reasonably close 
estimates of the time of arrival of the crest were made using the formulas of 
Chapter I. Chapter IV contains a general discussion of the hydrologic factors 
affecting floods, quotations from other authors on flood discharge and frequency, 
and a theoretical flood hydrograph which is symmetrical about the peak ordinate. 
A number of interesting pictures of the 1924 floods are included. Bibliography: 
25 entries. — /.  W. Howe.
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A Study of Iowa River Floods at Iowa City. G. H. H i c k o x . M. S. thesis, 
66 pp. 1926. This thesis lists all floods occurring on the Iowa River between 1903 
and 1925, inclusive, and gives their hydrographs.
The memories of old inhabitants, files of old newspapers, and other sources of 
information were carefully explored for data on previous floods. The discharges 
of the floods of 1881 and 1851 have been estimated at 40,500 sec. ft. and 50,000 
sec. ft., respectively. Sufficient data were found to allow construction of the hydro­
graph for the 1881 flood. Flood frequencies were estimated. A method of pre­
dicting flood discharge was proposed, is based on the amount of rainfall over the 
basin during the time of concentration and also on the rainfall over the basin 
during the preceding 30 days. The relationships are different for summer and 
winter floods. — G. H. Hickox.
A Study in Flood Waves. Elmer E. M o o t s . Ph.D. thesis, 115 pp. February 
1927. (See also: A Study in Flood Waves, by Elmer E. Moots, Bulletin 14, 
University of Iowa Studies in Engineering, 24 pp. 1938; A Study in the Theory 
of Flood-Waves, by Elmer E. Moots, Transactions Am. Geophys. Union, 1938, 
Part I, pp. 383-386.) The hydromechanic equations governing a simple flood 
wave in a wide rectangular channel are developed and discussed. Emphasis 
throughout is placed on a simplification of the notation commonly used in hydro­
mechanics. The profile of the roll wave and the profile of the monoclinal or 
rising flood wave, after equilibrium has been established, is obtained in terms of 
elementary functions from general hydrodynamic equations. The velocity of each 
of these waves is obtained from Kleitz’s equation for the velocity of a constant 
flow. It is found experimentally that there exists a close correlation between the 
maximum velocity of a flood wave of given height and the velocity of Russell’s 
wave of translation of the same height, the latter as modified by Bazin when 
projecting it against the current on running water. — Elmer E. Moots.
A Survey of Iowa Floods. F loyd A. N agler. Bulletin of the Associated 
State Engineering Societies, v. 3, No. 4, pp. 48-68. October 1928. Great floods 
in Iowa have been caused primarily by heavy rainfall. During the period 1890- 
1927 more than 10 in. of rain in 24 hrs. have been officially registered at 8 places 
in Iowa. Compared with adjoining states, Iowa has received more than her share 
of cloud-bursts. Data are presented on intense rainfalls and on the areas covered 
by such storms. A study of flood records shows two distinct periods of more 
frequent and large floods — one during the last few days in March and the other 
in the early summer during the last of May and the first half of June. Diagrams 
show flood runoff rates as a function of the size of drainage area and, for 
selected watersheds, as a function of the average frequency of floods of a given 
intensity. The author concludes that the actual flow records show no evidence 
that Iowa streams now have greater floods than in former years. Neither the 
total flood flow nor the crest stages have been measurably increased by the exten­
sive drainage activities within the state. — P. T. M.
Certain Flood Flow Phenomena of Iowa Rivers. F loyd  A. N a g l e r . 
Transactions, American Geophysical Union. June 1932. pp. 322-327. An isolated 
rainstorm on August 1-2, 1929 centered on the long narrow watershed of the 
Iowa River 70 miles above Iowa City with an 8 in. fall in. about four hours near
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the storm center. At Iowa City where the drainage area is 3230 sq. miles, a double­
peaked hydrograph resulted from a single-peak of rainfall and a sharp break in 
the falling flood hydrograph was accompanied by an increase in the rate of flow 
depletion. The first peak was ascribed to rapid runoff from nearby hilly country 
and to limited channel storage. The second peak which occurred five days later 
was characteristic of flow retarded by storage. The break in the receding hydro­
graph occurred when the river fell to bank-full stage. At Marshalltown where the 
drainage area is 1500 sq. miles, the peak flood discharge exceeded that at Iowa 
City. Runoff percentages for typical Iowa Summer floods are given. — F. T. M.
A Digest of the English Literature of Flood Waves. H u n g - C h i  L a y . 
M. S. thesis, 158 pp., June 1938. Approximately seventy papers, in the English 
literature of flood waves are reviewed and correlated. Bibliography: 69 entries. — 
F. T. M.
H y d r a u l ic  J u m p  a n d  B a c k w a t e r  C u r v es
The Moving Hydraulic Jump. G il b e r t  H. D u n s t a n . M. S. thesis, 28 pp. 
August 1929. The theory of the hydraulic jump is developed for the general 
case in which the position of the jump moves up or down stream. The general 
formulas are briefly discussed and simplified for the ordinary case of the stationary 
jump. The energy lost in the jump is considered, and the expression representing 
this loss is found to be the same for both the stationary and moving jump. Ex­
periments checked the theoretical values quite well, a somewhat better check 
being obtained when the jump was moving upstream than when it was moving 
downstream. In addition to these laboratory experiments, a few measurements 
were made in the surf on the coast of the Gulf of Mexico in an effort to prove 
that breakers are a form of jump. Sufficient data were not obtained to lead to 
definite conclusions. Bibliography : 4 entries. — G. FI. Dunstan.
The Hydraulic Jump in Terms of Dynamic Similarity. B o r is  A .  B a k h - 
m e t e f f  and A r t h u r  E. M a Tz k e . Discussion by N o l a n  P a g e . Trans. Am. Soc. 
C. E., v. 101, pp. 664-668, 1936. Hydraulic jump induced on a smooth level wooden 
floor in a glass-walled channel 2.50 ft. wide by a model tainter gate installation 
1.98 ft. wide (between half piers) included a range of kinetic flow factors from 
2.32 to 62.8. The length of hydraulic jump was 5.60 times the depth below the 
jump for kinetic flow factors greater than 14. Discusser states that “the jump 
may have shortened in the author’s apparatus by friction on the sides of the 
narrow channel.” As an aid to computing stilling basin floor elevations, discusser 
introduces a diagram whose ordinates show respectively the depth of flow above 
and below the jump in a straight sided channel. Abscissas show the ratio of dis­
charge per unit width of channel to the energy head upstream from the jump 
which may be taken as equal to the height of the pond water surface above the 
stilling basin floor.
— Discussion by F. T. M a v is  and A n d r e a s  L u k s c h . L oc. cit. pp. 669-672. 
Discussers contend that due to the effect of side walls the length of jump in a 
narrow channel would be less than in a wide channel for a given depth of flow 
and kinetic flow factor. Reference is made to previous studies by Riegel and Beebe, 
Safranez, and Aravin. Summarizing tests conducted in a rectangular flume 26 in. 
wide lined with galvanized sheet metal, discussers found that the length of jump
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was approximately 6.2 times its height, and that the length of roller was approx­
imately 5.2 times its height.
— Discussion by S h e r m a n  M. W o o d w a r d . Loc. cit. pp. 651-653. Discusser 
states the entire mathematical theory for the hydraulic jump in a horizontal 
frictionless rectangular channel is based on two fundamental equations: the “law 
of continuity” and the conservation of momentum equation which is a form of 
Newton’s second law of motion. Accepting as a basis twelve variables introduced 
by the authors, he points out that it is possible theoretically to eliminate any nine 
of the twelve variables giving 222 different equations, each containing three vari­
ables. “It would even be possible to extend the combinations further . . . but it is 
to be remembered in contemplating such an endless series of mathematical gym­
nastics that the entire mass contains no more knowledge than the two original 
equations and the definitions of the variables.” He concludes that for the purposes 
of the practicing engineer it is desirable to adhere as closely as possible to the 
basic equations, together with tables and diagrams to represent them. — F. T. M.
Back-water and Drop-down Curves for Uniform Channels. N a g a h o  
M o n o n o b e . Discussion by C. J. P o s e y . Proc., Am. Soc. C. E., v. 63, pp. 327-331, 
Feb. 1937. Discusser states that Mononobe’s method is the only published method 
which takes into account the effects of changing velocity head, friction, and chan­
nel shape, without dividing a reach into finite steps. The validity of differential 
equations set up for a “most general case” is challenged and the method of 
determining the exponents in the monomial approximations for area and wetted 
perimeter is discredited. The author’s technique of integration is considered valid, 
however, and an outstanding contribution. — C. J. Posey.
— Discussion by A. A. K at.i n s k e . Ibid., pp. 331-334, Feb. 1937. The method 
suggested by discusser makes use of an equation for the length of backwater curve 
in terms of velocities instead of depths of flow. Most expressions for computing 
varied-flow surface curves require special tables or graphs for determining the 
values of the complicated functions involved. Discusser concludes that although 
the expression is not very simple, one can use it to compute a given surface curve 
in less time than by the “method of increments,” because much larger length in­
crements can be used without sacrifice of precision. — A. A. Kalinskc.
— Discussion by P. C h a r e ES S t e i n . Ibid. pp. 915-917, May 1937. Discusser 
considers Mononobe’s monomial approximations for the relations between the 
depth and area, and between depth and wetted perimeter to be satisfactory, even 
for circular sections. The exponents in these relations are the ratios of logarithmic 
differences of the values at the end points of the range. Mononobe’s method, 
wherein he assumes that the average of the slopes at the ends of the range is 
equivalent to the slope of the straight line best approximating the curve, is open 
to criticism. — C. J. Posey.
A  Summary of Hydrologic Data, Ralston Creek Watershed, 1924-1935.
F. T. M a v is  and E d w a r d  S o u c e k . Bull. 9, Univ. of Iowa Studies in Eng., 70 pp., 
December 1936. A detailed summary of data pertaining to rainfall, run-off, and 
ground water levels as well as annual summaries of land use are presented for a 
drainage area of 3 sq. miles lying just outside the urban limits of Iowa City. 
The study is being continued co-operatively by the University of Iowa, the Bureau 
of Agricultural Engineering, and the Water Resources Branch of the U. S. 
Geological Survey. 8 footnote references. — F. T. M. ■ obnv
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Hydraulic Jump in Enclosed Conduits. C a r l  E. K i n d s v a t e r . M. S. thesis, 
41 pp. February, 1937. Tests were made in a 6-in. transparent pyralin pipe to 
investigate the applicability of the pressure-momentum theory to the hydraulic 
jump formed in enclosed conduits. The initial super-critical velocity of flow was 
created by introducing smooth constrictions in the pipe, for flow depths of 0.2, 0.4, 
and 0.6 of the pipe diameter. Pressure conditions downstream from the jump were 
controlled by a gate valve near the end of the pipe, 20 ft. below the constriction. 
Piezometers measured the pressures above and below the jump. Air vents were 
placed in the pipe over the jump and air pressure over the jump was measured 
with a water column manometer. The tests showed a fairly close agreement with 
the pressure-momentum theory whereby the pressure on a cross-section at the 
beginning of the jump plus the momentum of the water at that section should 
equal the pressure plus momentum at the end of the jump. Observations indicated 
that the jump might occur under conditions of nearly complete vacuum. Bibliog­
raphy: IS entries. — Carl B. Kindsvater.
Stream Flow in General Terms. M e l v i n  D. C a s l e r . Discussion by F. T. 
M a v is . Trans. Am. Soc. C . E., v. 94, pp. 38-40, 1930. The discussion supplements 
the paper by outlining the equations of impulse and momentum as applied to 
hydraulics problems. Model experiments in the hydraulics laboratory are men­
tioned as one of the most useful methods for studying problems of hydrodynamics 
and stream flow which thus far has defied mathematical analysis. — F. T. M.
The Hydraulic Jump in Trapezoidal Channels. Pei-Su H s i n g . Ph.D. 
Thesis, 149 pp., August 1937. Hydraulic Jump in Trapezoidal Channels.
C. J. P o s e y  and P e i - S u  H s i n g . Engineering News-Record, v. 121, p. 797, Dec. 22,
1938. The momentum theorem for the hydraulic jump in a trapezoidal channel 
was tested by more than 200 runs in a masonite channel 20 ft. long. Three side 
slopes (1:2, 1:1, and 2:1) were used, with bottom widths of 1.250 ft., 0.551 ft., 
and 0.235 ft. Depths before the jump varied from 0.163 ft. to 0.852 ft.
Data on the longitudinal profiles, cross-sections, velocity distributions, and other 
features are given, with descriptions of the phenomena. Along the toe line at each 
side of the jump a wing is formed in which the current flows upstream. The inside 
edges of the wings form angles 39°, 26°, and 18° with the flume axis, the smaller 
angles corresponding with the flatter side slopes. Flow is usually unstable and 
unsymmetrical with slower current on the side of the longer wing.
The observed height of the jump agrees with that computed according to the 
law of momentum. Four methods of computing the theoretical depths before and 
after the jump are given. A trial-and-Crror method is preferred, if the number 
of depths to be computed is not large.
The length of the jump can be expressed approximately by the formula
L/d„ =  5 [ 1 + 4 V  (W„ —  W J / I V J
in which L =  length of jump, rf2 =  depth after the jump, and IV1 and W are the 
widths of the water surface before and after the jump, respectively. The News- 
Record article gives similar formulas for the shortest and longest jumps observed, 
and suggests use of the length formulas for selection of economic side slope. — 
C. J. Posey.
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Hydraulic Jump in, Trapezoidal Channels. C. J. P o s e y  and P .  S. H s i n g . 
Engineering News-Record, v. 121, pp. 797-798, December 22, 1938. The hydraulic 
jump provides an economical and trouble-free safeguard against dangerous erosion, 
but designers have been wary of using the jump in non-rectangular channels, be­
cause of lack of experimental verification of the theory in other than rectangular 
channels. More than 200 laboratory tests were made in trapezoidal channels with 
side slopes of 1:2, 1:1, and 2:1. The channels were 20 feet long and were con­
structed of water-proofed masonite. Depths varied from 0.033 feet to 0.852 feet. 
The observed height of the jump agreed with that indicated by the law of 
momentum. Wedge-shaped wings formed on each side of the channel, and some­
times met near the center of the channel. The pattern was often unsymmetrical, 
apparently due to inherent instability rather than lack of symmetry in the set-up, 
as the longer wing could exist for a time on either side. The jump in trapezoidal 
channels is longer than in rectangular channels. There is considerable variation,
L
but the best average values are given by the formula
S
in which L  =  length of jump, d2 =  depth after the jump, and W  and W„ 
surface widths before and after the jump, respectively. — C. J. Posey.
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H ydrology
Hydrologie Records in Iowa. F. A. N a g l e r . Journal, Am. Water Works 
Assoc., v. 13, pp. 7-10. January 1925. “The people of the State of Iowa sooner 
or later must become interested in their own water resources, not only as a source 
of power, for there is comparatively little in the State of Iowa, nor only for the 
design of bridge openings, flood protection, and like enterprises, but primarily as 
sources of municipal water supply. An adequate stream flow investigation program 
for the state should be supported by an appropriation by act of the legislature, 
instead of continuing on the present country church basis, when each year the 
question is raised whether the work will not have to be abandoned because of 
the lack of contributions from the various sources.” Reference is made to pre­
cipitation and evaporation observations and to the hydrologie study which a 
short time earlier had been started on Ralston Creek, a drainage area of 3 sq. 
mi. east of Iowa City. — /*. T. M.
A Hydrographic Survey of the North Branch of Ralston Creek. T. L-
H e r r i c k . M. S. thesis, June 1924, 14 pp. (Map) A topographic survey of the 
Ralston Creek watershed of three sq. mi. is included. Photographs show conditions 
as they existed on the watershed in 1923-1924. Plans for the hydrologie studies of 
the watershed are briefly outlined. Bibliography: 8 entries.—- F. T. M.
Recent Developments in Weather Forecasting. G il b e r t  H. D u n s t a n .  
The Iowa Transit, v. 41, pp. 3-5, March 1937. A sketch of air mass analysis as it 
applies to weather forecasting. Reference is made to the work of B. P. Multanovski 
of the Central Weather Bureau of Soviet Russia. Reports indicate that forecasts 
have been quite accurate. Forecasts issued 1928-1930 show that predictions based1 
upon natural periods gave an 89 per cent verification for precipitation, 75 per 
cent for temperature, and 67 per cent for the combination of the two. — P. T. M.
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Infiltration of Water in Some Iowa Soils. H arold  E. Cox. M. S. thesis, 
August 1929, 100 pp. Soil test holes were observed at four locations on the Ralston 
Creek watershed during the periods March 20 to May 24, 1928, and April 1 to 
May 31, 1929. Data are presented on precipitation and moisture content of samples 
of soil taken at depths of 3 in. and at one foot intervals from 1 to 6 ft. in each 
location. Bibliography: 10 entries. — F. T. M.
I r r ig a t io n
Water Requirements for Rice Irrigation. TszE-Ting C heng  and ChunG- 
LinG PiEn. M. S. thesis, 123 pp. June 1938. Data were collected from California, 
Arkansas, Louisiana, and Texas in the United. States; Kiangsu and Kwangtung 
in China; Annam in Indo-China; and Tangerang in Java. The total net duty of 
water for rice ranged from 24.67 in. in Kwangtung to 140.5 in. in California. The 
principal factors in the consumption of water in the rice fields are field evaporation, 
transpiration, seepage, and preparation of land. These factors are influenced by 
climatic conditions, soil characteristics, lengths of irrigation season, planting 
methods, yields, and ground water levels. An empirical formula, D =  7Il'/z +  
sL  +  4, is suggested for estimating the approximate total net duty of water for 
rice, excluding the losses beyond the rice field. D is the total net duty in inches, 
E  is the total evaporation from free water surface during submergence period 
in inches, s is the average daily seepage loss during the irrigation season in inches, 
and L  is the total duration of the irrigation season in days. A tentative chart for 
the determination of daily loss of seepage for different kinds of soil at 70 deg. F. 
was prepared. Bibliography: 39 entries. — T. T. Cheng and C. L. Pien.
L aboratory  F a c i l i t i e s  a n d  T e c h n i q u e s
The New Hydraulic Laboratory. J. H. D u n l a p . The Transit, v. 24, pp. 
28-42, 1920. The history of the hydraulic laboratory project at the State University 
of Iowa is traced from the grant of water rights by Mr. and Mrs. Enclid Sanders 
and the subsequent legislative appropriation of $10,000 in 1904, to the summer of 
1920. The basis of design is outlined leading to construction o f : a retaining wall; 
a concrete flume 10 ft. wide, 10 ft. deep and 130 ft. long emptying into a rectan­
gular pit 22 ft. wide and 54 ft. long; and a one-story laboratory building 22 ft. 
square. Details of construction and an outline of proposed researches are pre­
sented. — F. T. M.
State University of Iowa’s New Hydraulic Laboratory. S t u a r t  S i m s . 
Eng. News-Rec., v. 85, pp. 124-125. July 15, 1920. A testing canal 10 ft. wide,
10 ft. deep and 130 ft. long, a basin 22 ft. wide and 54 ft. long, a tailrace canal, 
and a one-story brick building 22 ft. square are the essential elements of the 
laboratory constructed on the right bank of the Iowa River below the University 
dam at Iowa City. General features of the project are outlined. Construction was 
by force-account and the majority of those working were students in the engineering 
college. An appropriation of $15,000 was made in 1917 and an additional grant 
of $7,000 was made in 1919-1920. Preliminary plans were made by Professors 
J. H. Dunlap and R. E. Hutchins, final plans by Stuart Sims, under the administra­
tive direction of S. M. Woodward, professor of mechanics and hydraulics, and 
W. G. Raymond, dean of the college of applied science. — F. T. M.
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The New Hydraulic Laboratory of the State University of Iowa and 
Its Proposed Schedule of Research. F. A. N a g e e r . The Transit, v. 25, pp. 
12-21, 1921. Four groups of problems are outlined as most urgently demanding 
solution: (a) the flow of water in open channels; (b) the flow of water over 
weirs; (c) calibration of devices and investigation of methods for measuring 
water; and (d) testing of water turbines, centrifugal pumps, and other hydraulic 
apparatus. Reference is made to previous weir tests and steps are proposed for 
studying the effects of approach velocities on weir discharge. — R  T. M.
The New Gauging Station. The Transit, v. 25, p. 22, 1921. Plans to con­
struct new concrete gauge house and cable way about 500 ft. downstream from 
new hydraulic laboratory are announced. A printing water surface register for 
six months’ continuous record and a seven-day graphic water surface gauge are 
proposed. The gauging station at the Burlington Street bridge is to be dis­
continued. — F. T. M.
Hydraulic Laboratory at the University of Iowa. F. A. N a g l e r . Hydrau­
lic Laboratory Practice, pp. 708-715, 1929. Laboratory facilities of 1928 comprise 
a building 60 ft. long, 30 ft. wide, and four stories high above river level, and a 
river canal 10 ft. wide, 10 ft. deep, and 190 ft. long. Recirculating system and 
appurtenances within the building are described. Summaries of nine research pro­
jects, completed from 1922 to 1928, cover: (1) flow of water through culverts;
(2) comparison of the reliability of various types of current meters in turbulent 
flow; (3) experiments pertaining to the discharge of the Keokuk spillways; (4) 
profile of river water surface cross-sections; (5) hydraulic jump experiments; 
(6) flood wave experiments; (7) hydraulic tests of flap gates; (8) effect of 
misalignment of tile upon capacity; and (9) effect of diagonal channel contrac­
tions. Further researches listed in progress are: (10) flow of water around bends;
(11) flow of water around bridge piers; (12) weir studies; (13) tumble bay and 
hydraulic jump experiments; (14) flow conditions at the free outlet of conduits; 
and (15) backwater suppression and head increaser experiments. — F. T. M.
Hydraulic Laboratory Research at the State University of Iowa. S. M.
W oodw a rd . The Sci. Monthly, v. 31, pp. 328-337, Oct. 1930. An illustrated 
popular account of hydraulic research covering the following projects: flow 
through culverts, effect of turbulence on the registration of current meters, flow 
around bends, the hydraulic jump, hydraulic conditions at a free outlet, weir 
experiments, backwater suppressors or head increasers, calibration of the Keokuk 
spillways, erosion below dams, flood protection for Ottumwa, Iowa, diverting 
flood water across a canal, flow through gates, flow across highway and railway 
embankments, bridge piers, and flow through trestles. — F. T. M.
Large Addition Being Made to Iowa Hydraulic Laboratory. Eng. News- 
Rec., v. 109, p. 411. Oct. 6, 1932. Central block 90 ft. high, and south wing of 
laboratory are being developed on the principle that the prime requisites for a 
building in which to study hydraulic phenomena are adequate length and height 
with a minimum amount of fixed structure. Addition, 105 ft. long, is being con­
structed over extensions of two river canals respectively 10 ft. and 16 ft. in 
width. — F. T. M.
http://ir.uiowa.edu/uisie/19
Hydraulic Research at Iowa University, F., T. M a v i s . Eng. News-Rec., 
v. 115, pp. 433-437, Sept. 26, 1935. (Supplemental Letter Ibid. p. 649, Nov. 7,
1935.) The functions of the hydraulics laboratory and the Institute of Hydraulic 
Research are briefly outlined. Laboratory facilities and the general arrangement 
of apparatus in the laboratory are described. Researches current during the academ­
ic year 1934-1935 included: transportation of detritus, bottom load transport in 
open channels, bodies falling in a turbulent stream, stilling pools for spillways, 
spreading draft tubes, two-dimensional flow by electrical analogy, overflow sections 
with sand core, permeability of sand, groundwater profiles, and filter sands. Pro­
ject investigations currently conducted by the U. S. Engineer Department staff 
included: Mississippi River below Keokuk Dam; Mississippi Locks and Dams No. 
4 and No. 5; navigation lock model; Mississippi River Dams No. 20 and No. 26; 
discharge coefficients of short tubes; roller gates; tests of sand dams; Pickwick 
Dam of the Tennessee River; hydraulic system for Pickwick Lock. Bibliog­
raphy. — F. T. M.
Facilities of Iowa Institute cf  Hydraulic Research Doubled. F. A.
N agi.er. The Highway Mag., p. 238, Oct. 1932.
L o c k s
Investigation of Hydraulic Characteristics of Inflow and Outflow Con­
duits of Inland Waterway Locks. M a r v in  J. W e b s t e r . M . S. thesis, 70 pp. 
June 1937. A model simulating a representative lock of the design in common 
use in American inland waterways was tested to study the hydraulic character­
istics of the filling and emptying system and to develop improvements in design. 
The model, 1:15, was so constructed that individual parts could be removed easily 
for alteration of design. Emphasis was placed on the design of lock chamber ports 
and extensive tests were made on characteristics of flow through square-cornered 
ports and through ports of curved or streamlined design. Uniform and variable 
spacing of the ports was studied for the purpose of obtaining an arrangement 
whereby the flow into the lock chamber would approach uniformity, especially at 
the beginning of the filling operation when surging in the lock chamber is most 
severe. The model operated more satisfactorily when equipped with streamlined 
intake and streamlined lock chamber ports. Since the chief cause of disturbance 
in the lock chamber during filling and emptying operations is unequal flow from 
the culverts through the ports, variable spacing of lock chamber ports is recom­
mended with either square-cornered or fully streamlined ports. Suggestions are 
given for ratio of port area to culvert area, shape of ports, and spacing of lock 
chamber ports. Bibliography: 11 entries. — Marvin J. Webster.
Laboratory Tests on Hydraulic Models of Lock and Dam No. 20, Mis­
sissippi River, Canton, Mo. F r e d e r ic k  S. W i t z i g m a n . C. E. thesis, 77 pp. 
June 1938. (Final report, Laboratory Tests on Hydraulic Models of Lock and 
Dam No. 20, Mississippi River, Canton, Mo., U. S. Engineer Office, St. Paul, 
Minn.) A 1/20 scale model represented a tainter gate 40 ft. long and 20 ft. high 
with a stilling basin 30 ft. long having 2 rows of baffle piers and a dentated end 
sill. This study indicated that, within certain limits, the stilling basin was satis­
factory to prevent scour of the alluvial river bed below the dam, and that baffle 
piers in the stilling basin had practically no effect on backwater. Diagrams were
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prepared showing the discharge capacity of the gate. The characteristics of the 
hydraulic jump in the stilling basin were studied to determine general criteria for 
stilling basin design. The most satisfactory stilling basin is one in which the hy­
draulic jump is well defined and maintained. The depth of the tailwater required 
to form the hydraulic jump, which determines the apron elevation, may be found 
by the simultaneous solution of the equations:
Dt =  V (2D J T ' / g )  +  ( D * / 4) -  ( D /2 )  
and Q/H'-* =  \/2g ( D J H )  VI — ( D / H )  
in which, D„ =  depth of flow downstream from jump, ft.
D  =  depth of flow in the jet upstream from jump, ft.
V l =  mean velocity at D , ft./sec.
g =  acceleration of gravity, ft./sec.2
Q =  discharge per foot of spillway, c. f. s.
H  — initial energy head, ft.
The tests indicated that the required length of apron was LA =  V 21(D „ /H )l i3 
in which, V  =  mean velocity at D , ft./sec. Baffle piers may be rectangular 4 to
6 ft. high, 4 to 6 ft. long, and stepped on the upstream side. The aggregate length 
of baffle piers in each row should be about 40 per cent of the transverse length of 
the stilling basin. The first row should be within the ends of the gate piers and 
the second row IS ft. further downstream. End sills may be solid or dentated, 
4 to 6 ft. high. The downstream slope of the gate sill should follow a curve 
defined by the equation x-  =  — 4Hy, where x  and y are horizontal and vertical 
coordinates, respectively. The width of rip-rap L/? =  (0.52 V 2)/(.D „/H )1-!>. 
Six other stilling basin studies are briefly described in the appendix. Bibliography:
6 entries. — Frederick S. Witzigman.
M a c h i n e r y
American Mixed-Flow Turbine and its Setting. A r t h u r  T. S afford  and 
E d w a r d  P ie r c e  H a m i l t o n . Discussion by F loyd  A. N ag lER. Transactions, Am. 
Soc. C. E . ,  v. 85, pp. 1328-1334, 1922. Attention is called to the important work of 
Swain and McCormick in the development of the American type turbine. Some­
what strenuous objection is made to the failure to mention S. J. Zowski who at that 
date had advanced specific speeds of American wheels from 69 to 102 and whose 
wheels were considered by the discusser to be the most efficient and most flexible 
of any on the market. Mention of characteristics of early wheels is made. — 
J. W . Howe.
Ideal Running Speed for Pelton Wheels. C. J. P o s e y . Civil Eng., v. 4, p. 
368, July 1934. As usually stated, the ideal peripheral speed for the buckets of a 
Pelton wheel is that which will cause the water to leave the wheel in a path 
perpendicular to the path of the buckets. Analysis shows the argument on which 
this conclusion is based to be fallacious, and that the ideal ratio of the peripheral 
speed of the bucket to the absolute velocity of the issuing jet is
K 2 +  K  cos a 
1 +  K 2 +  2K.cos a
where K  is the ratio of the relative velocity of exit from the bucket to the rela­
tive velocity of entrance, and a is the angle between the relative exit velocity 
and the path of the bucket. Even when K  is unity, the discharge path is not per­
pendicular to bucket path for maximum efficiency. — C. J. Posey.
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New Theory for the Centrifugal Pump. A l l a n  F. S h e r z e r . Discussion by 
F. T. M a v is . Transactions, American Society of Civil Engineers, v. 93, pp. 46-51, 
1929. The assumptions and corollaries leading to the equations of the motion of an 
ideal fluid and its orderly behavior as it flows through an imaginary pump are 
analyzed under four major classifications — the fluid, the flow, the pump, and the 
external forces. Mathematical analyses which have led to corrections in the 
elementary theory of the centrifugal pump are abstracted briefly. — F. T. M.
M a t e r ia l s
Materials Laboratory Manual. F. T. M a v is  and J. W. H o w e . First edition 
1931. Revised edition by C. J. P o s e y , 1937 (Mimeographed) 50 pp. Schedules 
and instructions are arranged for four squads working simultaneously on different 
experiments. Experiments include tests of Portland cement, fine aggregates, mortar 
briquets, coarse aggregates, concrete proportioning, concrete cylinders, small wood 
blocks, structural timber, torsion test of steel, tests of rivet steel, and strength and 
elastic properties of structural steel. — F. T. M.
M a t h e m a t i c s
Slide-Rule for Routing Floods Through Storage Reservoirs or Lakes.
C h e s l e y  J .  P o s e y . Eng. News-Record, v. 114, pp. 580-581, April 25, 1935. This 
method involves short uniform time increments and requires a separate set of 
scales for each reservoir having a different volume-depth or outflow-depth rela­
tion. Lengths along slide and stock represent total volumes as “day-second-feet,” 
the former bearing a single scale with graduations defined by C =  (S 2 + 1  o2t ), 
and the latter bearing two opposed scales with a common origin defined by 
A = i  t and B =  (S \  — i  o j ) ,  in which i — average inflow rate, t =  length of 
step (time increment), 5^ and .S', =  storage at beginning and end of step, respec­
tively, and and o„ =  outflow rates at beginning and end of step, respectively. 
The outflow rate is assumed to be a known function of the total storage, and 
the storage equation is of the form A -\- B =  C. Given the inflow rate and the 
outflow rate at the beginning of a step, the outflow rate at the end of the step 
can be obtained directly by means of the slide rule or by means of a nomograph 
illustrated. — F. T. M.
Slide Rule Instruction for Engineering Students. C. J. Posey. Iowa 
Transit, v. 40, p. 6, May 1936. The author expresses the belief that slide-rule 
procedures are most easily learned when needed in connection with the practical 
problems where they find their most advantageous applications, and urges that 
students ask their instructors when uncertain about the best slide-rule procedure. 
A number of frequently-used slide-rule procedures are briefly described. — C. J. 
Posey.
An Asymmetric Probability Function. J. J. S la d e . Discussion by F. T. 
M a v i s . Trans., Am. Soc. C. E., v. 101, pp. 67-69, 1936. Discusser contends that 
choice between graphical and analytical methods of statistical analysis is ordinarily 
made on basis of (1) limited precision demanded to be consistent with the pre­
cision of the given data, (2) the relative amounts of time required to arrive at a 
solution by the two methods, (3) the chance tastes of the computer at the moment. 
He favors graphical methods in the analysis of relatively small samples or in the
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analysis of data whose variables are essentially discrete rather than continuous. —
Indeterminate Equations Were Studied by  the Ancient Greeks. F. T.
M a v i s . (Letter) Civil Engineering, v. 6, pp. 115-116, February 1936. Reference 
is made to the work of Diophantos of Alexandria who was among the earliest 
contributors to algebraic analysis (3rd century A.D.). The solution of the 
Diophantine equation for the three sides of a right triangle — all integers — is 
reproduced. — F. T. M.
The Construction of Nomographic Charts. F. T. M a v i s . 132 pp. Inter­
national Textbook Company, 1939. The nomograph or alignment chart supple­
menting the slide rule is one of the most useful tools for solving mechanically 
many functions of three or more variables which are common in engineering 
analysis and design. The mathematical background essential to nomography em­
braces engineering drawing and college algebra including elementary determinants. 
In the text the elementary theory of determinants is stripped of mathematical 
rigor and only those phases of analysis which are literally necessary and sufficient 
for designing alignment charts are mentioned. The use of nomographic methods 
in deriving empirical equations to fit laboratory test data is discussed in detail. 
Included in the figures are about 20 working diagrams for solving formulas 
applicable in hydraulic and structural engineering analysis. — F. T. M.
A  Study of Variations in Water Pressure as Measured by Piezometer 
Tubes. G eorge  E. S h a f e r . M. S. thesis, 58 pp. June 1924. A homemade camera 
using motion picture film recorded simultaneously fluctuations of piezometer levels 
and swings of a metronome. Tests were made to determine the effect on oscilla­
tion period and amplitude of (1) lengths of hose and glass tube, and (2) sizes 
of tubes. Glass tubes were I  and 0.46 in. in diameter and wetted lengths varied 
from 1.0 to 3.6 ft. Hose diameters were 0.35 and I in. and wetted lengths varied 
from 2 to 10 ft. The equation derived from the tests has been modified to read:
in which : T =  period of piezometer oscillation in seconds ; L r and Dr — length 
and diameter of hose, in feet ; L g and Dg — length and diameter of glass tube, in 
feet. — George E. Shafer.
The Effect of Roughness of Weir Face on Discharge Over a Rectan­
gular, Suppressed, Sharp-Crested Weir. J. W. H o w e . M. S. thesis, 35 pp. 
June 1925. (Precise Weir Measurements. Discussion by F. A. Nagler, Trans­
actions, Am. Soc. C. E., v. 93, pp. 1114-1119. 1929). A weir 3 ft. high and 2 ft. 
long was tested under heads ranging from 0.15 to 0.60 ft. with smooth face and 
with face artificially roughened by application of sand, gravel, and large objects. 
A crest roughened to the top discharged 4 per cent more water than a “normal” 
crest, and 5 per cent more than an extremely smooth one. No effect of roughening 
was apparent if sand or gravel was applied 2 in. or more from the crest. Differences 
in discharge of 4 per cent were noted following a change in approach velocity 
conditions. Discharge over the normal weir was within one per cent of that given 
by the Rehbock Formula. — /.  W. Howe.
F. T. M.
M e a s u r e m e n t  o f  W a t e r
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The Flow of Water Over a Rectangular Weir as Affected by Various 
Degrees of Roughening of its Upstream Face. G l e n  N. C o x . M. S. thesis, 
102 pp. 1926. Tests were made on a sharp-crested rectangular weir to determine 
what effect roughening of the upstream face of the weir had upon the discharge, 
the velocity distribution, and the profile of the nappe. The roughening agent was 
either sand or varnish. The discharge was increased by the roughening, and 
the increase was largely accounted for by the lowering of the underneath surface 
of the nappe. This lowering effect caused an increased cross-sectional area 
of nappe. The percentage increase in discharge was greater at low than at 
high heads ; however, the variation found by applying the recognized formulas 
was greater than that found in these investigations. While the upstream face 
should be maintained as smooth as possible, a reasonable degree of roughness will 
cause no large variation in the rate of discharge. — Glen N. Cox.
A Comparison of Discharge Measurements by Weir, Pitot Tube, and 
Current Meter. D avid  L ë R oy  Y a r n e l l . M. S. thesis, 44 pp., June 1926. In 
connection with the Iowa culvert tests velocity traverses were made with a pitot 
tube and a small (2i in. diameter) Ott current meter. The thesis compares the 
discharge indicated by these instruments to that obtained by using the Bazin weir 
formula for the weir over which flow was measured. Velocities ranged from 2\ 
to 11 ft. per sec. in the circular culverts and from 0.8 to 11 ft. per sec. in the box 
culverts. Quantities varied from 4 to 165 cu. ft. per sec. Of the total number of 
pitot tube observations 25 per cent varied less than 2.0 per cent and 75 per cent 
varied less than 5.5 per cent from weir observations. Of the total number of 
current meter observations, 25 per cent varied less than 1.0 per cent and 75 per 
cent varied less than 3.5 per cent from weir observations. Bibliography: 3 entries.
— /.  - IV. Howe.
Measuring the Output of Water. F loyd  A. N a g l e r . Canadian Engineer, 
v. 56, p. 610. June 18, 1929. Synopsis of paper presented at Iowa Water Works 
Conference contrasts measurements of electric and water output and suggests 
using appropriate meters in water works practice. Author classifies meters as 
displacement, venturi, orifice, pitot, and turbine meters, and adds that special 
measurements may also be made by color velocity, salt velocity, chemical gaging 
and pressure gaging techniques. — F. T. M.
A Study of the Velocity and Pressure Distribution in the Nappe of a 
Sharp-crested Weir. E r n e s t  T. S c h u l e e n . M. S. thesis. June 1927. The 
increase in discharge coefficient found by previous investigators in roughening thé 
upstream face of a sharp-crested weir with sand sprinkled on shellac was verified 
on a 2 ft. suppressed weir. Measurement of the nappe constants, |  and r), and 
a velocity profile of the nappe with a special pitot tube showed the larger coefficient 
to be due both to an increased nappe cross-section and to increased nappe velocities. 
The static and velocity orifices of the pitot tube were kept in the same plane 
parallel to the weir by placing the static leg 2 in. to one side of the Velocity leg. 
The angularity of the flow in the nappe was determined from pictures of streamers 
and the pitot tube coefficients and readings were corrected accordingly. The dis­
charge computed from the corrected velocities and the measured nappe areas 
checked within 4 per cent of the venturi and volumetric readings used in calibrating 
the weir. Bibliography: 11 entries. — Ernest T. Schuleeii.
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An Investigation of the Causes for Variation in the Discharge Coeffi­
cients of Triangular Weirs. M o n t o k  T o m . M .  S. thesis, 62 pp. June 1931. 
The author assumes that differences between formulas might be due to different 
materials used for notch plates, unreliable discharge measurements, or differences 
in analytical methods. Tests made on an experimental brass weir plate showed 
that: (1) a slightly dull notch gave practically the same discharge as a sharp- 
edged notch; (2) flow approaching the weir obliquely caused a maximum error 
of 3 per cent; (3) increased flow upward along the weir face caused a maximum 
error of one per cent; (4) artificially created turbulence created by jets of water 
caused errors as high as 7 per cent; (5) roughening the weir face within 4 in. of 
crest increased discharge one per cent; roughening to the crest caused a 4 per cent 
error at low heads. Bibliography: 10 entries.— /. IV. Howe.
Tests of Broad Crested Weirs. J a m e s  G. W o o d b u r n . Discussion by S h e r ­
m a n  M. W oodw a rd . Transactions, American Society of Civil Engineers, v. 96, 
pp. 418-419, 1932. Whenever flow is near the critical depth and critical velocity, 
the depth is in a condition of peculiar unsteadiness leading easily to the formation 
of standing waves by some very slight disturbing factor. On this account it will 
probably be difficult to devise any arrangement of the channel which will insure 
that at some prescribed point the depth will be exactly the critical depth. This state 
of uncertainty does not extend to the quantity of flow for a given total head. It 
is at a maximum value during critical flow and therefore independent of slight 
changes in depth. The result is that the very same conditions which are most 
unfavorable for an experimental measurement of critical depth are most favorable 
for the prediction of quantity of flow.
— Discussion by D avid  L. Y a r n e i x . Ibid., pp. 419-423. Data obtained from 
tests of flow over railway and highway embankments, abstracted elsewhere herein, 
are analyzed for dropdown curves and for location of the section of critical depth 
for various rates of flow. The locus of critical depth was approximately a vertical 
line. — P. T. M.
An Investigation of the Side-contraction Meter. R. F. P o s t o n . M. S. 
thesis, 35 pp. June 1932. Tests of a 1 :8.25 pyralin model of a side-contraction 
meter in a 48 in. penstock at the Iowa hydraulics laboratory showed a discharge 
coefficient of 0.78 for throat velocities greater than 5 ft. per sec. in the model. 
The discharge coefficient was sensitive to changes in the location of piezometer 
holes at the contracted section. Overall meter efficiency was 91 per cent for a 
wide range of throat velocities. The contraction in the prototype was secured by 
welding two steel plates inside the pipe, symmetrical to a vertical plane through 
the pipe axis, forming wedge-shaped contracting and expanding sections (con­
trasted with conical sections in the venturi meter). Advantages claimed for the 
meter are low cost and positive drainage. Bibliography: 15 entries. — R. F. Poston.
Investigation of Side-contraction Meter. H e n r y  P. E v a n s . M. S. thesis, 
60 pp. August 1933. (Floyd A. Nagler. New Flow Meter Uses Side Contractions 
Only. Engineering News-Record, v. I l l ,  p. 132, August 3, 1933.) The side- 
contraction meter is a modification of the venturi meter possessing the advantages 
of a lower cost for large-diameter pipes, and the provision of an unobstructed 
invert which permits the passage of silt. Tests of meters constructed by inserting
http://ir.uiowa.edu/uisie/19
side plates in a 6-in. circular pipe indicated practically constant meter coefficients 
of 0.95 and 0.87 for meters with throat areas equal to 52 per cent and 25 per cent 
of the cross-sectional area of the pipe respectively. Tests also indicated a lower 
head loss with the side-contraction meter than a comparable venturi meter installa­
tion. Other factors reported are the effect of inclination of the meter on the meter 
coefficient, meter hydraulic gradients, and velocity distributions. Bibliography: 
17 entries. — Henry P. Evans.
New Flow Meter uses Slide Contractions Only. F. A. N ag lER. Eng. 
News-Rec., v. Ill, p. 132, Aug. 3, 1933. Novel type of venturi meter secures con­
traction of flow by two steel plates welded to the interior of a standard section of 
steel pipe symmetrical to a vertical plane through the pipe axis. Holes were 
drilled through the plate inserts at the throat to provide an average throat pres­
sure in the chamber between pipe and inserts. Pressures ahead of the contraction 
were measured by a ring piezometer. Advantages claimed for the meter a re : The 
cost of the meter was less than 10 per cent of the quotation on a standard venturi 
meter of same size and contraction ratio. The meter is self cleansing and self 
draining. The loss of head in the side contraction was less than the standard 
venturi meter proposed for this installation. It can be operated partly full as a 
venturi flume. — F. T. M.
An Investigation of the Characteristics of a Jet Pitot Tube. F r a n k  A. 
K u l a s . M. S. thesis, 49 pp. July 1933. The jet pitot tube is a non-clogging device 
designed to measure velocity of sewage and storm water which carries a con­
siderable amount of suspended matter. It consists of a straight tube with two 
piezometers, one connected near each end. A third pipe is connected near the 
middle of the tube. It makes use of a separate water supply which is discharged 
through the middle pipe under sufficient pressure to maintain a continuous Clear­
water stream impinging against the silt-laden water. Debris is thus prevented from 
clogging the impact orifice of the jet pitot tube. In using this device it is neces­
sary to vary the head of the clear-water supply until the maximum differential 
head is observed between the two piezometer connections. Velocity readings are 
then obtained from individual rating curves made for each instrument. — Frank A. 
Ktdas.
Velocity Tube in Use in Iowa Laboratory. C h a r l e s  B. S p e n c e r . (Letter) 
Civil Engineering, v. 5, p. 488, August 1935. An essential part of the “velocity 
tube” is a tapered glass tube with a float swimmer. The position of the swimmer 
in the tapered tube is a function of the velocity through the tube and is determined 
by laboratory calibration. Velocities as low as 0.3 ft. per sec. have been ob­
served with the velocity tube. — F . T. M.
Use of Current Meters for Precise Measurement of Flow. F loyd  A. 
N ag lER. Transactions, American Society of Mechanical Engineers, v. 57, No. 2, 
pp. 59-67. February 1935. “In this paper, the author deals with the art of flow 
determination by current meters, compares the accuracy of this method with that 
of other means of water measurements, and draws attention to a number of pre­
cautions which should be observed in order to minimize errors. He compares, also, 
the characteristics of cup and screw meters, discusses meter ratings, the effect of 
turbulence and angularity of flow, describes the channel section best suited to
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accurate gaging, and covers in some detail the technique of flow determination 
under varying conditions in the field. . . . Under ideal conditions, the best current 
meter can be used to secure precise measurements of flow dependable within 2 per 
cent and, if used intelligently in the hands of experts, the deviation from the true 
value should not exceed one per cent. If  conditions are not ideal, the degree of 
precision with current meters may be still better than with any other known 
method, and the accuracy of the results will depend upon the extent to which the 
metering conditions depart from the ideal.”
Precise Weir Measurements. E r n e s t  W. S c h o d e r  and K e n n e t h  B. T u r n e r . 
Discussion by F. A. N a g l e r . Transactions, American Society of Civil Engineers, 
v. 93, pp. 1114-1119, 1929. Discussion reports experiments to determine the effect 
of roughening a weir plate upon the discharge coefficients and upon the shape of 
the nappe. See also abstract of thesis by J. W. Howe.— F. T. M.
Sutro Weir Investigations Furnish Discharge Coefficients. E. S o u c e k , 
H .  E. H o w e , and F. T. M a v i s . Eng. News-Record, v. 117, pp. 679-680, Nov. 12,
1936. Tests of 11 Sutro proportional-flow weirs indicate a close relationship be­
tween the coefficient of discharge and the geometrical proportions of the weir 
which is shown by a nomograph. The proportions of the weir are such that for 
heads above a certain critical minimum, the discharge is directly proportional to 
the head. The weir formula, proportions of the notch, and values of the discharge 
coefficient are shown in a table and diagram.
Calibration of a Large Head Gate. H a s h u  A j w a n i . M. S . thesis, 14 pp. 
1923. Tests of a hand-operated wooden slide gate 10 ft. wide are reported. The 
gate operated in slots in a rectangular concrete channel whose bottom was approx­
imately 10 ft. below the level of the head-water pool formed by the Iowa City 
dam. Tests are reported for gate openings of 0.10 ft. and for openings at 0.2 ft. 
increments from 0.2 to 4.0 ft. For gate openings greater than 1 ft., discharge 
ranged from 29 to 37.5 sec. ft. The gate was submerged in all tests and for 
openings greater than 1.8 ft., the discharge coefficient was substantially 0.4. For 
gate openings 0.2 and 0.8 ft., discharge coefficients were respectively 1.28 and 0.67. 
The coefficients are valid only for the particular gate reported in the tests and 
should not be used generally. Apparently, the zero-gate opening does not define 
closed position of the gate. — F. T. M.
Determination of Shape of Nappe and Coefficient of Discharge of a 
Vertical Sharp-crested Weir, Circular in Plan, with Radially Inward Flow.
C e c i l  S. C a m p . M. S. thesis, 84 pp. June 1937. (Abstract published in Hydraulic 
Laboratory Bulletin of National Bureau of Standards, January 1938.) The three 
weirs tested were made of 10-gage steel plate having a top width of ^  in. and 
a bevel on the downstream side of 60 degrees with the horizontal. Each weir had 
a chord length of 18 in. and a height of 34 ft. Plates having radii of 1, 2, and
3 ft. were used subtending central angles of approximately 97 degrees, 44 degrees, 
and 29 degrees. Radial side walls extended upstream from the weir a distance of 
three or four times the maximum head used, and continued downstream to the 
point of convergence. The position of the nappe, expressed in the dimensionless 
co-ordinates x / H  and y/ H,  was constant for identical ratios of H/ D:  The co­
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ordinates x  and y are horizontal and vertical distances, respectively, from the 
weir crest; H  is the head on the weir; and D is the diameter of the arc. The 
co-ordinates of the high point of the lower nappe were x / H  — 0.40 H /D -\-  0.26 
and y /H  =  — 0.20 H ID  -f- 0.11. For low values of H ID  the nappe profiles were 
similar to those for a straight weir but for high values the lower nappe was de­
flected downward and the upper nappe upward. The discharge over the three 
weirs tested can be expressed by the formula Q =  3.28 L H3!2 for H ID  values 
up to 0.20. Bibliography: 6 entries. — C. S. Camp.
M i s c e l l a n e o u s
The Profession of Hydraulic Engineering. S. M. W o o d w a rd . The Transit, 
v. 27, p. 101, March 1923. “Hydraulic engineering . . . includes irrigation, drainage, 
water supply and sewerage of towns and cities, flood protection, the improvement 
of rivers and harbors for the benefit of navigation, the design and construction of 
water power plants, and the design of water handling machinery. . . . Since it is 
largely an advanced and difficult application of civil engineering, it is not usually 
given much recognition in the undergraduate engineering course of study. . . . 
Its practice is less standardized than in many other lines of work [and] every im­
portant undertaking requires its own individual solution. . . . An engineer cannot 
hope to obtain distinguished success in this field unless he is proficient in hydraulic 
theory and computation, willing to be a hard student of the work of others all 
his life, unremitting in his constant attention to every detail, and a keen observer 
of all the natural conditions and surroundings of every new project which he 
encounters. Furthermore, he must be ingenious, imaginative, and resourceful, and 
find great pleasure and satisfaction in attacking new and difficult problems. . . . 
Hydraulic engineering shares with most lines of civil engineering the disadvantage 
that most of its jobs are but temporary. . . . On the other hand, it is a field . . .  in 
which there is abundant opportunity for the exercise of real ability and hard 
work with at least as much chance of high and rapid success as in other lines. . . . 
Finally [it is] a field which will present to those fond of difficult adventure an 
endless opportunity to exercise their invention and abilities on problems intricate 
and difficult in plan, design, and execution, almost without limit.” — F. T. M.
Hydraulic Tests of Calco Automatic Drainage Gates. F. A. N ag lER. 
The Transit, v. 27, pp. 71-72, 90, Feb. 1923. Tests on automatic Calco hinged 
gates 18, 24, and 30 in. in diameter were made for the Armco Culvert and Flume 
Manufacturing Association in 1922. Gates were installed at end of a ten or twelve 
foot length of corrugated iron pipe. With outlet unsubmerged: (1) gate angle 
with vertical varied from 10 degrees to 50 degrees as outlet velocities varied from 
1 to 9 ft. per sec., (2) head loss in no case exceeded 0.01 ft. With outlet sub­
merged: (1) gate angles varied from 12 degrees to 77 degrees as velocities varied 
between 1 and 8.5 ft. per sec.; (2) head losses increased with gate size but in 
each case were maximum at velocities between 2 and 3 ft. per sec. Maximum 
losses were 0.12, 0.09, and 0.08 ft. for the 30, 24, and 18 in. gates respectively. An 
empirical formula for head loss in terms of velocity and gate diameter is given. 
Leakage tests on the 30 in. gate indicated 0.015 c. f. s. passing gate at low head 
and 0.0015 c. f. s. passing at a 4.3 ft. head. Larger amounts were measured 
when debris prevented complete closure. — /.  W. Howe.
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A Study of the Backwater Caused by Diagonal Obstructions. J o h n  W .  
H u m m e r . M. S. thesis, June 192S, 43 pp. The tests were conducted in a rectan­
gular flume 91 in. wide and 18 in. high. A 1-in. plank, placed diagonally across 
the conduit, obstructed the upper part and left a rectangular slot bounded by the 
bottom of the channel through which the water flowed. Angles of obstruction 
measured from the normal to the channel axis were 0, 10, 20, 30, 45, and 80 
degrees. The tests showed that the backwater decreased as the angle formed by 
the obstruction and the plane normal to the flow increased. The backwater. caused 
by the obstruction was directly proportional to the difference in velocity heads 
upstream and at the section of maximum contraction respectively, and varied 
directly with the cosine of the angle which the obstruction made with the normal 
to the axis of the conduit. — F. T. M.
Luck and Examination Grades. C. J .  P o s e y . Jour, of Eng. Education, v. 
23, pp. 292-296, Dec. 1932. Reprinted by the Comm, on Educational Testing, Amer. 
Council on Education. Examinations are subject to random sampling errors, in 
addition to the other elements which may throw doubt upon their accuracy. Ques­
tions asked usually form but a small proportion of the total amount the student 
is expected to know. By the element of chance, the questions asked may or may 
not be the ones to which the student knows the answers. Computations based on 
the assumption that the number of items in the examination is infinitely small in 
proportion to the total required to be known show that the accuracy of the ex­
amination is improved by increasing the number of questions. The probable error 
of a 100-question examination is about one-third that of a 10-question examination. 
If the proportion of items asked for in the examination is not infinitesimally small, 
the contrast in accuracy of the 10-question and 100-question examination will be 
even greater. The true-false type of examination has a greater probable error, for 
the same number of questions, than the type in which the probability of guessing 
the right answer is very small. The probable error is always smallest for very 
good or very poor students, and is a maximum for students knowing one-half of 
the information sampled by the examination. — C. J. Posey.
A Study of the Use of Bernoulli’s Theorem. E d w a r d  S o u c e k . M. S. 
thesis, 73 pp. June 1934. A study and comparison of the various treatments of 
Bernoulli’s Principle in hydraulics textbooks. Special attention was given to the 
method of dealing with pressure head — a form of transmitted work analogous 
to the compressive stress in a moving piston rod. In many books no distinction is 
made between pressure head and real mechanical energy. This distinction is un­
necessary in most problems but leads to absurdities in considering the total energy 
in either a flowing or static system. Means of avoiding this difficulty were con­
sidered. A few improper applications of Bernoulli’s Theorem were found in the 
course of the study. Bibliography : 26 entries. — Edward Soucek.
Ocean Bar Improvement for Purposes of Navigation. W a l k e r  W .  
M i l n ER. M .  S. thesis, 132 pp. July 1934. Sand movement is primarily responsible 
for the formation of ocean bars and for the deterioration of their navigable 
channels. The principal and moving waves result from storms. A channel aligned 
with the prevailing direction of storm waves reduces deterioration from this 
source. The principal sand moving currents are the alongshore littoral currents 
and the ebbing and flooding tidal currents. Twin jetties best arrest littoral sand
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drift, concentrate ebb currents for channel deepening, and control channel migra­
tion. Single jetties are generally unsuccessful. Channels maintained solely by 
dredging are subject to deterioration by littoral drift and the concentration of ebb 
currents is incomplete. However, in locations where sand movement is not exten­
sive, where storms do not cause serious shoaling, and where the inner basin provides 
a large tidal flow, a satisfactory dredged channel may be maintained at less cost 
than a jettied channel. Bibliography: 35 entries.-—Walker W. Milner.
A Comparison of the European and American Methods of Towing Barge 
Fleets. W i l l i a m  F. C a s s id y . M. S. thesis, 52 pp., August 1934. Author draws 
the following conclusions from a study of published reports of towing tests: (1) A 
towboat pushing a barge fleet has a distinct power advantage over a towboat 
pulling the same size fleet. (2) The power advantage is due to the decrease in the 
resistance of the towboat and barges and to the increase in wake gain in a com­
pact formation. (3) The relative amount of power advantage can only be deter­
mined by tests either in the laboratory or on the river using the types of towboats 
and barges for which the information is desired. (4) More tests are needed to 
determine the best methods of towing and the proper type of equipment to use. 
Bibliography: 41 entries. — F. T. M.
Establishment of Centers of Specialized Research. F. T. M a v i s . Journal 
of Engineering Education, v. 27, No. 2, October 1936, pp. 97-100. Dr. Krey’s list 
of essentials of a hydraulic research institute are used as a basis for discussion, 
namely (1) several good heads, (2 )-adequate space and water supply, (3) some 
money, and (4) a little confidence. For maximum effectiveness a research institute 
is an organization of specialists and workers whose efforts are suitably co-ordi- 
nated. Investigations carried on in a research institute should be narrowly restricted 
in their objectives, they should stimulate the imagination, they should be adaptable 
to experiment, and they should be economically justified. In a research institute 
a competent staff, well organized, ably guided, and provided with reasonable 
facilities, can play a significant role in engineering education at the graduate level.
— F . T . M .
A System for Filing Technical Literature. E. W. L a n e . Civil Eng., v. 6, 
pp. 818-820, Dec. 1936. A system of filing pamphlets, clippings from technical 
magazines and miscellaneous information according to main divisions and sub­
divisions, depending on the field covered, provides a method for cross referencing 
articles dealing with more than one subject. — E. W . Lane.
Hydraulic Progress. E. W. Lane. Engineering News-Record, v. 118, pp. 
174-176. February 4, 1937. “Because fewer great river projects were undertaken, 
the advance of hydraulic engineering during 1936 was mainly in perfecting prac­
tices established by prior investigations — prominently the fuller development of 
model testing. Noteworthy items of the year’s work are tidal lock and gate 
studies, silt researches, and the Cross solution of network flow. Flood and drouth 
requirements are now centering attention on hydrologic problems.”
An Engineer’s Idea of Engineering. F. T. M a v i s . The Iowa Transit, v. 40, 
pp. 5, 13-14, May 1936. A word cartoon which concludes with the skeletonized idea 
that engineering embodies the work of the professional engineer as investigator, 
designer, executer, and advisor in connection with the profitable and expeditious
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use of methods, materials, men, and money in the construction, production, and 
operation of works for the benefit of man. — F. T. M.
Panoramic M otion  Pictures. C. J. P o s e y . Jour, of the Soc. of Motion Pic­
ture Eng., v. 28, pp. 619-621, June 1937. A method of producing panoramic motion 
pictures, to be projected upon the interior of a cylindrical screen, is described. An 
unbroken panorama of 360 degrees is formed and the spectator may look in any 
direction he pleases.
Entrainment of Air in S w ift ly  F low ing Water. E. W . L a n e .  Civil En­
gineering, v. 9, No. 2, Feb. 1939. A study of the entrainment of air in water 
flowing at high velocity based largely on observations on the flow over dams. The 
conclusion is reached that the entrainment is due to turbulence set up in the water, 
which causes currents at an angle with the general direction of flow. These cur­
rents usually start from the bottom and on reaching the surface have sufficient 
velocity to rise up and project beyond the surface level, where they come in contact 
with the air and, because of their high velocity, they mix with the air carrying air 
back into the flowing stream as they fall back to the surface level. Observations 
show more air entrainment where the sheet of water is shallow than where it is 
deep and lead to the conclusion that for deep overflows the air effects will be slight, 
but that in long flumes where the flow takes place at shallow depths or the side 
effects are important, the air entrainment may be a serious limitation on the 
capacity of the structure. — B. W. Lane.
Memoir of Floyd August Nagler. January 11, 1892 — November 10, 1933. 
Trans. Am. Soc. C. E., v. 100, pp. 1698-1700, 1935.
Memoir o f  David Leroy Yarnell. January 13, 1886 — March 9, 1937. Trans.
Am. Soc. C. E., v. 103, pp. 1922-1924, 1938.
M o d e l s
F lood Control of Mill Creek, Milan, Illinois. J a m e s  E. R e e v e s . M. S. 
thesis, August 1930, 45 pp. Two plans for the control of floods on Mill Creek, a 
hilly drainage area of 63 sq. mi., were studied by means of laboratory models. 
The 1925 plan consisted of an inverted siphon to carry the creek under the Illinois 
and Mississippi Canal. The District Engineer’s Plan provided for structures to 
allow the flood waters of the creek to flow through the canal into the Rock River 
between the confines of appropriate levees. The completed model was 10 ft. wide 
and 20 ft. long, constructed to a horizontal scale 1 :80 and a vertical scale 1 :40. 
The tests indicated that the aqueduct proposed in the 1925 Plan would have to be 
watched continuously and kept clear of silt and ice if it were to function properly 
during times of flood. The District Engineer’s Plan was recommended on the basis 
of the model studies as being far superior to the 1925 Plan. — P. T. M.
Laboratory T ests  on Hydraulic M odels o f  the Hastings Dam. M a r t i n
E. N e l s o n . Bull. 2, Univ. of Iowa Studies in Engineering, 71 pp., April 1932. 
Laboratory tests of the initial and a very important unit in the proposed plan 
for canalization of the Upper Mississippi River. The design of the Hastings lock 
and dam was based on available information and was consistent with sound theory 
and good practice. Model investigations were made with the following primary
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objectives: (1) to determine whether proper and adequate provisions had been 
made in the design for the prevention of erosion below the dam, (2) to develop 
corrective features if and as found necessary, (3) to study current conditions 
affecting navigation particularly in the lock approaches, (4) to study hydraulic 
characteristics of the structure and determine coefficients for the spillway sections, 
(5) to determine the scheme of operation most advantageous to navigation which 
minimizes the possibility of erosion along the toe of the dam, (6) to make general 
studies of value in connection with the operation of the dam, (7) to make gen­
eral studies applicable to the design of similar dams. A general model simulat­
ing a reach of river channel about 4,000 ft. long was constructed to a horizontal 
scale 1 :100 and a vertical scale 1 :50. A part of this model was provided 
with a movable bed. Sectional models of movable gates and stilling basins 
were constructed to a scale 1 :14. The tests indicated that the original design 
was doubtfully adequate to withstand scour under the most favorable operat­
ing conditions. Supplemental stilling basins were recommended on the basis of 
the model experiments. A scheme of operation was developed to minimize the 
possibility of scour and to maintain conditions in the lock approaches satisfactory 
for navigation. Dredging upstream and downstream from the structure was 
recommended to increase the efficiency of three spillway sections in discharging 
flood'water. A type of stilling basin was developed to protect the stream bed im­
mediately downstream from discharging tainter gate section. — F. T. M.
Observed Effects of Geometric D istortion  in Hydraulic Models. K e n ­
n e t h  D. N i c h o l s . Ph.D. thesis, 137 pp. August 1937. (Observed Effects of 
Geometric Distortion in Hydraulic Models, by Kenneth D. Nichols. Proceedings, 
Am. Soc. C. E., v. 64, pp. 1081-1102, June 1938). Eight specific model studies are 
summarized and analyzed for effects of geometric distortion. Brief reference is 
also made to observations, pertinent to effects of geometric distortion, made in 
many other hydraulic studies. Analysis of the data showed that a lesser degree 
of distortion may be required in movable bed models if light-weight materials 
are used to simulate the stream bed. For the same horizontal scale movable bed 
models with light-weight bed materials require less distortion and usually cor­
respond more closely to a given prototype than models with common sand beds. 
The following recommendations are made: (1) Geometrically distorted river 
models should be avoided whenever suitable undistorted models can be constructed 
at reasonable cost. (2) Distorted models should be designed for specific purposes 
and they should not be used for general studies. (3) The designer should weigh 
intelligently the probable effects of distortion in order to avoid failures or recon­
struction costs. He should consider carefully the advisability of using light-weight 
bed materials in lieu of extreme depth or slope distortion. (4) The operator 
should assure himself by appropriate comparisons of model and prototype behavior 
that the model faithfully simulates the prototype in the particular details being 
studied. Bibliography: 44 entries. — K. D. Nichols.
A Model Study of the Ralston Creek Control. J o h n  S. M c N o w n . M . S. 
thesis, 44 pp. August 1937. Tests of two models of the Ralston creek control 
with scales 1 :20 and 1 :8 were compared with corresponding data from the proto­
type. Effect of submergence, angularity of approach and difference resulting from 
changes in scale were studied. For unsubmerged tests of two models, the discharge 
increased without proportional increase in head for model stages of 0.22 and 0.25
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ft. The tests indicated that the discharge over the prototype control is affected by 
submergence for all flows greater than 100 sec.-ft. The effect of angularity of 
approach was studied qualitatively only. Large angles of approach affected the 
head measurement appreciably. — John S. McNown.
A Slope Ratio Study of a Movable Bed River Model. J a m e s  D. L a n g . 
M. S. thesis, 53 pp., June 1937. A model of the Curtis bend of the Iowa River 
was constructed to a horizontal scale 1 :120 and a vertical scale 1 :30. The behavior 
of the model for different types of flow, the effect of time variation using a Con­
stant discharge, the effect of discharge variation using substantially constant time, 
and a study of stable natural slopes in the model were investigated. Bibliography: 
5 entries. — F. T. M.
Hydraulic Studies o f  a Model of the U niversity  Dam at Iowa City.
C l if f o r d  L. M o r g a n . M .  S. thesis, 59 pp. June 1938. A comparison of 24 measure­
ments of discharge over the University dam with those obtained, under similar 
conditions, from a 1 :12 model, 2.56 ft. long, gave results as follows: eight meas­
urements agreed within three per cent, 12 within six per cent, and 23 within ten 
per cent. Tailwater elevations were measured 11 ft. downstream from the model. 
The model tests indicated that the coefficient C in the formula Q — CLH3/ 2 was 
unaffected by submergence ratios less than 60 per cent. For a given head and for 
submergence ratios above 60 per cent, the coefficient of discharge became less as the 
submergence ratio increased and also as the discharge increased. The tests indicated 
that the discharge coefficients for a plunging or surface nappe were identical when 
the submergence ratios were the same. Data are presented showing conditions in 
the model for which the jet changes from surface to plunging flow. Bibliography: 
six entries. — Clifford L. Morgan.
A Laboratory Study of Ground W ater Profiles. T sung-P £ i T su i. M. S. 
thesis, 86 pp. June 1935. Tests conducted by Tsung-Pei Tsui had as their objective 
the investigation of ground-water profiles in a sand-filled trough 18 ft. long, 34 in. 
deep and 12 ft. wide. Depths of water at the inlet and outlet ends of the trough 
were varied along with the quantity of flow and the over-all permeability coeffi­
cient k in the formula
in which Q is the discharge in cu. ft. per day, I is the length of trough, h1 and h2 
are the depths of water at the inlet and the outlet ends of the trough respectively. 
The coefficient k for the sand used was found to be 220 ±  20 ft. per day.
The formula
was found to be in much better agreement with the tests, the value of the coeffi­
cient being 304 ±  8.
The effective size of the sand used in the tests was 0.35 mm., and its uniformity 
coefficient was 2.7. Bibliography: 31 entries. — F. T. M. (Eng. News-Rec., v. 
115, p. 436. Sept. 26,1935.)
P e r m e a b i l i t y
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A Laboratory Study of the F low  of W ater Through Granular Material.
C h i h - C h a o  W a n g . M. S. thesis, 82 pp., June 1935. Author concludes that Darcy’s 
law can be applied only below a certain limit designed by a dimensional constant 
proportional to the Reynolds number. Hazen’s effective size is a good measure of 
one of the most important determinants of the permeability of sand. Permeability 
of mixed sand varies as the sixth power of the velocity. Tests were conducted in 
a fully inclosed permeameter 6h inches in diameter and 6 in. in height. Bibliog­
raphy : 13 entries. — P. T. M.
Filter Sand Permeability Studies. F. T. M a v is  and E .  F. W i l s e y . En­
gineering News-Record, v. 118, pp. 299-300, February 25, 1937. Tests provide data 
from which it is possible to determine for a sand the coefficient of permeability 
and its mean relative probable error from mechanical analyses of the material 
and a knowledge of its porosity, the shape of grains, and the temperature of 
water. The coefficient of permeability varies inversely as the coefficient of viscosity 
of the water, directly as the sixth power of the porosity for angular Iowa river 
sand, and directly as the fifth power of the porosity for rounded standard Ottawa 
sand, and directly as the square of the diameter of grains. The coefficient of 
permeability for rounded standard Ottawa sand was 50 per cent greater than that 
of angular Iowa river sand for unigranular samples having the same grain sizes 
and porosities. The velocity of flow through blended samples of Iowa river sand 
may be computed by Hazen’s formula with a mean absolute error of 10 per cent. 
The data are summarized in six diagrams and one table. — F. T. M.
Capillary F low  Through Sand Dams. R ic h a r d  LEE J e w e t t . M .  S. thesis,
49 pp., 2 appendices. July 1934. Darcy’s coefficient of permeability was obtained 
from tests of flow through two model dams of same dimensions, one of fine and 
the other of coarse sand. The models were 40 cm. high, 26.7 cm. wide on top, 
with 1 :3 side slopes. At small heads a large percentage of the total flow was in 
the capillary fringe, but for heads approximating 2.5 times the freeboard, the 
flow in the capillary fringe was less than 10 per cent of the total flow. Bibliography: 
26 entries. — Richard L. Jewett.
Experimental and Analytical Study of the Permeability of Sand. E dw ar d  
F r a n k l i n  W i l s e y . Ph.D. thesis, 49 pp., 15 figs. June 1935. The effect of tem­
perature, porosity, shape and size of the sand grains on the flow of water through 
sand was studied within the limits of Darcy’s Law.
Two empirical formulas were devised as follows:
For Iowa River sand (an angular sand)
at 60 and t deg. F., respectively ; /> is the per cent porosity ; and d is that diameter 
such that 10 per cent of the material is of smaller grains.
The following conclusions were drawn: (1) The rate of flow of water through
For Ottawa sand (a rounded sand)
where k is the permeability in cm. per sec., n 00 and (x( are the absolute viscosities
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sand is inversely proportional to the absolute viscosity of the water. (2) For a 
given porosity of 40 per cent, the permeability of the Ottawa sand was SO per 
cent greater than that of the Iowa River sand, the diameters of the grains ranging 
from 0.68 to 0.93 mm. in both samples. (3) The permeability of unigranular sands 
is proportional to the square of the average diameter of the sand grains. (4) The 
“effective size” as defined by Slichter was found to be approximately that size 
such that 31 per cent of the material is of smaller grains. (5) Other factors re­
maining unchanged, the permeability of graded sands is proportional to the square 
of the 10 per cent effective size as defined by Hazen. (6) The upper limit of 
Darcy’s Law was reached when the apparent velocity through Iowa River sand 
was approximately 0.029 cm. per sec., the porosity being about 40 per cent. (7) In 
order to correlate the data of various experimenters, a standard apparatus and a 
standard sand must be adopted. Bibliography: 28 footnote entries. — F. T. M. 
(Eng. News-Rec., v. 115, p. 436. Sept. 26, 1935.)
A Study o f  the Permeability  of Sand. F. T. M a v is  and E dw a r d  F. W i l s e y . 
Bull. 7, Univ. of Iowa Studies in Engineering, 29 pp. 1936. This paper presents 
the results of a study of tests made on unigranular sands and on blended samples 
with the view to determining the effect upon permeability of water temperature, size 
and shape of grain, porosity, and mechanical analysis of sand samples. Formulas 
are proposed on the basis of tests, and comparisons are made with other formulas 
for flow of water through sand. Summary and conclusions:
(1) At small hydraulic gradients the rate of flow of water through sand is 
inversely proportional to the absolute viscosity of the water.
(2) The permeability of Iowa River sand varied as the sixth power of the 
porosity and that of Ottawa sand as the fifth power.
(3) For a given porosity of 40 per cent, the permeability of Ottawa sand was
50 per cent greater than that of Iowa River sand of the same size (0.68 to 0.93 
mm.)
(4) The permeability of sand varies as the square of the diameter of its grains.
(5) The following formulas represent the data obtained from tests of Iowa 
River sand fairly satisfactorily:
(a) Unigranular sands (water temperature 60° F .)
/  p \ e h 
v =  1140 d 2 I J  —■— ( ± 2  per cent)
(b) Blended sands based on effective (10 per cent) size:
/ /  +  10 \  h 
v — 2300 d'-H I —— J  —  ( ±  10 per cent)
(c) Blended sands based on “equivalent” (34 per cent) size:
/  P V  /< +  10\  h
v =  980 <T-C ( — )  J  —  ( ±  15 per cent)
Percolation atid Capillary Movements of W ater Through Sand Prisms.
F: T. Mavis and T sung-P ei T sui. Bull. 18, Univ. of Iowa Studies in Eng., 1939. 
(An Investigation of Ground W ater Movements; by Tsung-Pei Tsui. Ph.D. 
thesis. June 1937). Analyses of groundwater profiles and of lateral movements of
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water through homogeneous sand beds overlying level, impermeable strata are 
usually based on the assumption that the horizontal component of velocity at any 
vertical section is constant and proportional to the slope of the groundwater profile 
at the section. Analytical methods in common use are a little different from those 
outlined by Dupuit in 1863. Co-ordinate observations of sand permeabilities and 
of lateral movements of water through sand prisms under conditions simulating 
free groundwater flow reveal inconsistencies which suggested this investigation. 
On the basis of tests of three grades of sand in a flume 18 ft. long, 12 in. wide, 
and 34 in. deep, observations of groundwater profiles and rates of seepage flow 
are generalized in terms of head and depth flow. Rates of flow through the flume 
for each grade of sand are represented graphically and a nomographic chart, typical 
of generalized solutions, is presented. Groundwater profiles for all tests are repre­
sented by an empirical formula. The capillary rise, h, of water in sand is investi­
gated and the laboratory observations are generalized nomographically in a chart
grain size, P  is porosity, and K  and n are constants. Data on stream paths, veloci­
ties, rates of flow, capillary rise and groundwater profiles were obtained from tests 
of three grades of sand in a glass-walled flume 41 in. long, 3 in. wide, and 18 in. 
deep. These data, summarized in charts and tables, are consistent with data 
obtained from tests in the large flume and in the capillarimeter. The mean velocity 
of flow in the capillary zone is about two-thirds of that below the groundwater 
surface and the quantity of capillary flow can be estimated on the basis of data 
presented. — F. T. M.
Bridge Piers as Channel Obstructions. D avid  L. Y a r n  El l . Technical Bui. 
No. 442, U. S. Department of Agriculture, Nov. 1934, 51 pp. The investigation 
was undertaken to determine the effect of shape, length, and channel contraction 
upon the height of backwater. Approximately 2600 experiments on model bridge 
piers were conducted in the 10 ft. river flume of the Hydraulics Laboratory of the 
University of Iowa. Data are analyzed on the basis of formulas proposed by 
D’Aubuisson, Nagler, Weisbach, and Rehbock. The amount of obstruction which 
a bridge pier causes depends upon (1) the shape of the pier nose, (2) the shape 
of the pier tail, (3) the percentage of channel contraction caused by the pier,
(4) the length of the pier, (5) the angle which the pier makes with the thread of 
the stream, and (6) the quantity of flow. Each of these factors is analyzed further 
in the report. Bibliography: 18 text references and 39 annotated references related 
to bridge piers as channel obstructions. — F. T. M.
Pile  T restles as Channel Obstruction. D a v id  L. Y a r n El l . Technical Bui. 
No. 429, U. S. Department of Agriculture, July 1934, 25 pp. This bulletin presents 
the results of 1,082 experiments on the effect of clean pile trestles free of debris 
in obstructing the flow of water. The tests were conducted on both small size 
models and on full size single and double track pile trestles. These data are 
analyzed on the basis of formulas by DAubuisson, Nagler, and Rehbock. Bib­
liography : 6 entries. — F. T. M.
which represents an equation of the form h =  —— 1 ---- --
dH \  I
P ie r s  a n d  T r e s t l e s
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P l u m b i n g
Hydraulics and Pneumatics o f  Plumbing Drainage Systems —  I. F. M.
D a w s o n  and A. A. K a l i n s k e . Univ. of Iowa Studies in Eng., Bull. 10, May 1937. 
The problem of water and air flow in the vertical pipes of a plumbing drainage 
system is analyzed from the theoretical viewpoint and experimental data are 
reported. The vertical pipes do not flow full, and consequently the high velocity 
water carries along a large amount of air. The water velocity was experimentally 
determined at various levels in 3, 4, and 6-in. stacks for different rates of flow. 
The air flow was also determined and related to the size of the pipe and the water 
discharge. The bulletin outlines a method of using the air flow data to determine 
proper size of vents. — A. A. Kalinske.
W hy Take a Chance? A. A. K a l i n s k e  and F r a n k  R. K i n o . The Modern 
Hospital, v. 48, pp. 100-104, March 1937. A  non-technical discussion of cross- 
connections which exist in hospital water supply piping and equipment, and the 
resultant water pollution hazards. Typical hospital water-using equipment is 
analyzed, the inherent water pollution dangers pointed out, and the necessary cor­
rective measures outlined. The writers point out that the potential dangers of 
back-siphonage can all be eliminated by the proper application of the hydraulic 
and pneumatic principles. — A. A. Kalinske.
Cross-Connections in Plumbing and W ater-Supply Systems. A. A.
K a l i n s k e . Bulletin issued jointly by Department of Hydraulics and Sanitary 
Engineering, University of Wisconsin, and Wisconsin State Board of Health in 
1934, revised 1936. This report gathers together all the existing information per­
taining to cross connections in plumbing systems and the resultant possibility of 
water pollution. The fundamental principles of back-siphonage in water-supply 
systems are presented simply, using numerous sketches and illustrative examples. 
The hydraulics of flush valve toilet bowls, the possibilities of water pollution from 
it, and the necessary protective measures are discussed. Back-siphonage possibil­
ities from common plumbing fixtures in homes, industrial buildings, restaurants, 
and hospitals are discussed in detail and each is illustrated w'ith a sketch. The 
recommendations for prevention of back-siphonage are based on the use of ade­
quate air-gaps and properly designed vacuum-breakers. Emphasis is placed on 
prevention of back-siphonage and resultant water pollution by proper operation, 
maintenance, and design of the water-piping system. The proper methods of 
testing vacuum-breakers and other plumbing fixtures are outlined. Devices and 
fixtures meeting the drinking water safeguard requirements of the Wisconsin 
Board of Health are listed. — A. A. Kalinske.
Cross-Connections in Air-Conditioning Equipment. F. M. D a w s o n  and 
A. A. K a l i n s k e . Am. W ater W orks Assoc. Jour., v. 29, pp. 1673-1681, Nov. 1937. 
Improper water and sewer connections to air-conditioning equipment are con­
sidered sources of potential pollution of public water supplies. W ater and sewer 
connections to condensers, tank overflows, submerged tank inlets, and cross con­
nections between public and auxiliary water supply are considered particularly im­
portant. Seven principles of installation to avoid possibilities of pollution are 
suggested. — A. A. Kalinske.
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Report on Plumbing Cross-Connections and Back-Siphonage Research.
F. M. D a w s o n  and A. A. K a l i n s k e . Nat. Assoc. Master Plumbers, Tech. Bull. 1, 
Washington, D . C., 79 pp., 1938. Report summarizes eight years of study, testing, 
and analysis of back-siphonage and cross-connection problems. O f the possible 
solutions of back-siphonage problems only the one which protects every unsafe 
fixture is considered fundamentally sound. Methods of protecting many types of 
fixtures against back-siphonage are described and data useful in the design of 
water piping in buildings are presented. — A. A. Kalinske.
Vacuum-Breaker Development for Back-Siphonage Prevention. F. M.
D a w s o n  and A. A. K a l i n s k e . Jour., Am. W ater W orks Assoc., v. 29, pp. 307- 
321, March 1937. (Reprint no. 2, Univ. of Iowa Studies in Eng., July 15, 1937.) 
Fundamental hydraulic and pneumatic principles pertinent to vacuum formation in 
water pipes of buildings are presented. Devices and methods for prevention of 
back-siphonage are enumerated and viewed critically with regard to reliability and 
effectiveness. — A. A. Kalinske.
Control o f  W ater Piping from Main to Consumer. F. M. D awson  and 
A. A. K a lin sk e . Jour., Am. W ater W orks Assoc., v. 30, pp. 464-471, March
1938. The health department, sometimes aided by the water department, is held 
to be the proper authority for control, regulation, inspection, and testing of water 
piping in buildings. Ninety per cent of back-siphonage and pollution hazards are 
attributed to improper sizing and installation of water pipes. — A. A. Kalinske.
R a i n f a l l  a n d  R u n o f f
Comparison of Skunk, Iowa, and Cedar River F low. C h a r l e s  R. H u b e r . 
Runoff characteristics of certain Iowa Streams. M. S. thesis, 48 pp. June 1927. 
Comparison of monthly runoff on the Cedar, Iowa, and Skunk rivers in Iowa is 
made by plots of one against another on logarithmic scales. By eliminating those 
months in which average rainfall on two basins differed by more than 20 per cent 
the scatter of points was somewhat reduced. Equations of lines drawn through 
the scattered points were: C =  0.89 /° -8°; C =  .S’0-75; and .S' =  0.92 I 112 — in 
which I, C, and S  are the monthly runoff in inches from the Iowa, Cedar, and 
Skunk rivers, respectively. While use of these equations in estimates of particular 
monthly flows might result in considerable error, their use for a number of con­
secutive months gives good results. For example, the Skunk river runoff in 1921 
estimated as 5.07 inches and 4.78 inches from the Iowa-Skunk and Cedar-Skunk 
relations was actually 4.72 inches. Bibliography: 7 entries. — / .  W. Howe.
The W ater Yield from Small W atersheds in Iowa. F loyd  A. N a g l e r . 
Journal Am. W ater W orks Assoc., v. 18, pp. 709-713. December 1927. The first 
three years rainfall and runoff records for Ralston Creek are compared with 
runoff records for the Iowa River at Iowa City during the same period. “A com­
parison of the yield of this small watershed with that of the Iowa River, the yield 
from which is quite typical of the average from Iowa streams, indicates that the 
total yields may be quite similar. However, during wet periods, the yield from 
the small watershed is considerably in excess of that which may be realized from 
the larger stream, and during dry season the small watershed has a lower flow
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per square mile than that existing in the larger river. The Ralston Creek observa­
tions are not only furnishing reliable data with respect to the water yield for a 
typical small midwestern drainage area, but valuable information is being obtained 
as to the intensity of midwestern storms, the magnitude and time of concentration 
of flood runoff, the reliability of readings of adjacent rain gages, the influence of 
vegetation upon stream yield, the rate of infiltration of rainwater into soils, and 
the influence of groundwater upon stream flow.” — F. T. M.
Runoff Characteristics of Certain Iowa Streams. C h a r l e s  L .  B a r k e r . 
M. S. thesis, 20 pp., 9 tables, 29 plates. July 1928. The runoff characteristics of 
the East and W est Nishnabotna Rivers in southwestern Iowa were studied to 
analyze the river flows caused by rains of various intensities. The drainage basins 
are of nearly the same size and lie adjacent to each other. The West Nishnabotna 
had the greater runoff although the two watersheds have nearly identical yearly 
rainfalls. The West Nishnabotna has a slightly greater slope and it is so shaped 
that the runoff reaches it directly. During the period covered by the study, storm 
rainfall intensities were greater on the W est than on the East river although annual 
precipitation was the same on both. — Charles L. Barker.
An Analysis of Stream Flow  Data for Iowa. F. T. M a v is  and E dw a r d  
S o u c e k . Transactions, American Geophysical Union, 1937, P art II , pp. 419-424, 
1937. Stream flow data for 21 stations on 7 major Iowa rivers tributary to the 
Mississippi River are summarized. Separate drainage areas range in size from 
210 sq. mi. to 13,900 sq. mi. Periods of continuous record extend from a minimum 
of seven years to a maximum of 33 years. Duration curves and flood frequency 
curves for each station have been analyzed with the view to generalizing the 
record (1) in terms of mean daily runoff which has been equalled or ex­
ceeded a given percentage of the total days of observation and (2) in terms of 
greatest daily flood flows which have been equalled or exceeded with a given 
average frequency during the period of record. Flood frequency studies are de­
tailed in frequency-intensity charts for each station and generalized data are 
presented in a nomographic chart. — F. T. M.
T h e  D ro u th  o f 1930 in  Iow a. F loyd  A. N ag lER. University of Iowa Exten­
sion Bulletin, N o .  266. April 15, 1931. 16 pp. The normal annual precipitation in 
Iowa is approximately 32 in. During July and August 1930, the State received 54 
per cent of its normal precipitation for those months, and during the year received 
81 per cent of its normal annual rainfall. During the 58 years preceding 1930, 
Iowa experienced 5 other years with less annual precipitation than that received 
in 1930. The driest year was 1910 when the average annual precipitation was 19.87 
in. Other years drier than 1930 were 1894, 1901, 1886, and 1889. The mean annual 
runoff for the State varies from less than 2 in. in the extreme northwest corner 
to approximately 8 in. along the Mississippi River. In 1930 the combination of 
the 9th warmest summer on record with the 3rd driest July and August in 58 
years, reduced the low-water flow of many Iowa Streams to unprecedented mini­
mum values. However, there were several notable downpours during the year. 
On July 13, 2.8 in. of rain fell in 35 minutes at Sioux City. Washington, Iowa 
received 9.63 in. of rainfall in 24 hours on June 14-15 which was followed by a 
flood on the lower Skunk River which reached stages only a few inches lower
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than that of the flood of 1851. On September 25, 6.13 in. of rain fell in 24 hours 
at Iowa City, establishing a record for that station. Previous records showed that 
years of deficient rainfall have usually been followed by a year of less than 
normal stream flow. As an exception, however, two years of most abundant 
stream flow followed the drouth of 1901. — F. T. M.
Hard Precipitation for Short Periods in the United States. D avid  L .  
Y a r n e l l . Transactions, Am. Geophysical Union, Section of Hydrology, P art II, 
pp. 416-418. 1934. A brief outline is presented of the studies of frequencies at 
which excessive precipitation of short duration have occurred in different sections 
of the United States. (See Abstract of Rainfall Intensity — Frequency Data by
D. L. Yarnell, U. S. Department of Agriculture, Miscellaneous Publication No. 
204, August 1935.) Representative curves show frequency of precipitation for 
various durations and data on excessive precipitation at Baltimore for the period 
1896-1933. In estimating runoff by the rational method, these data are supple­
mented by data for runoff coefficients as given for example by C. E. Ramser, 
“Runoff from Small Agricultural Areas,” Journal Agric. Res., v. 34, pp. 797-823, 
U. S. Department of Agriculture, 1927. — F. T. M.
The Frequency of Intense Rainfall in Iowa. F. T. M a v is  and D. L. 
Y a r n e l l . A ssoc. State Eng. Soc. Bulletin, October 1935, pp. 46-52. (See also: 
Frequency of Intense Rainfall in Iowa Analyzed, Eng. News-Record, v. 115, pp. 
190-191- August 8, 1935.) The composite record of intense rainfall experience at 
Iowa stations prior to January 1, 1934, is presented for durations ranging from 
five minutes to six days. An empirical relationship between intense monthly rain­
fall and intense 24-hour rainfall of the same average frequency is shown by 
diagrams. An analogous method of correlating rainfall and runoff data with fre ­
quency as a common variable is outlined. — F. T. M.
A Study of Great Storms of Southeastern United States. C. J .  P o s e y . 
Appendix No. 3, Bureau of Reclamation Dept., Economic height of Norris Dam,
23 pp., 1933. W eather Bureau records from the southeastern United States were 
searched for great storms which occurred during the period 1916-1932. Storms 
for which at least five stations reported two-day records of more than five inches 
are listed chronologically and in order of magnitude. Five storms, representing 
the largest in each locality, were mapped and the corresponding values of area 
and average depth of precipitation for one, two and three days determined. Time- 
area-depth curves for the greatest storms, including some from the Miami Con­
servancy District study covering the period 1892-1916, are given. The storm of 
March 13-15, 1929, was the greatest on record in southeastern United States and 
the storm of March 22-23, 1929, was the greatest in eastern Tennessee. — C. J. 
Posey.
Stream F low  Records of Iowa, 1873-1932. Prepared in co-operation with 
the W ater Resources Branch of the U. S. Geological Survey and the Iowa In ­
stitute of Hydraulic Research by the Iowa State Planning Board. 567 pp., 1935. 
Details of available stream flow data for gaging stations in Iowa are presented 
and data are given on the gaging stations and controls. A foreword discusses 
means and extremes of precipitation in Iowa and a gazetteer of surface waters of 
Iowa is appended. — F. T. M.
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Stream Gaging Research in Iowa. Engineering News Record, v. 113, p. 106, 
July 26, 1934. Abstract of a progress report by R. G. Kasel and F. T. Mavis on 
co-operative stream gaging in Iowa. Stream gaging was carried on from 1917 
to 1927, discontinued then, and re-established in 1932. Between 1932 and 1934, 
32 gaging stations were in operation on 9 major watersheds and artificial controls 
were being constructed. — P. T. M.
An A nalysis of Unusual Precipitation Records in Iowa. F. T. M a v is  and 
J. W . H o w e . Am. W ater W orks Assoc. Jour., v. 27, pp. 174-190, February 1935. 
Based on records of some 100 stations, the mean annual rainfall of Iowa is 32 in., 
ranging from 26 in. in the northwest to 36 in. in the southeast part of the state. 
The calendar year 1881, with a state-wide average of 44.2 in. of precipitation was 
the wettest, and the calendar year 1910, with 19.9 in. for the state was the driest 
year of record. The year ending May 31, 1934, was drier and hotter than 1910 — 
the state-wide average precipitation being 19.4 in. with a minimum of 13 in. in the 
east-central portion. No record of annual precipitation has been made up ex­
clusively of “unusually high” or “unusually low” months and the authors conclude 
that even greater extremes of both wet and dry years must be expected in the 
future. — P. T. M.
Iowa Precipitation Studies. Iowa State Planning Board in co-operation 
with the Institute of Hydraulic Research, Nov. 1935, 15 pp., 66 figures. This report 
is a digest of progress reports and more extended memoranda pertaining to precipi­
tation studies for the state of Iowa. I t deals with the first part of a broader project 
entitled, “Precipitation, Flood, and Reservoir Studies” which was carried on co­
operatively by the Iowa Institute of Hydraulic Research and the State Planning 
Board. The state was divided into 9 districts of approximately equal size and 
rainfall data are analyzed in detail for selected stations in each district. The 
text of the report is divided into four sections (1) basis of selection of representa­
tive stations, (2) annual rainfall totals, (3) monthly rainfall totals, and (4) 
analysis of storm rainfall data. Bibliography: 12 entries. — P. T. M.
Rainfall Intensity-Frequency Data. D. L . Y a r n e i x . U. S. Dept, of Agr. 
Misc. Pub. No. 204, Aug. 1935. The report contains tabular and graphical sumt 
maries of 28,077 rainstorms recorded largely at stations in continental United 
States. Table 1 gives maximum precipitation rates of single storms for time 
intervals varying from 5 minutes to 12 hours at 208 stations which are alphabetically 
arranged. Table 2 gives similar information for periods of various lengths regard­
less of whether or not the values were attained in the same storm. Sixty isohyetal 
maps of the United States or regions thereof show the maximum amount of rain­
fall to be expected in periods of 5, 10, 15, 30 minutes, 1, 2, 4, 8, 16, and 24 hours 
with frequencies of once in 2, 5, 10, 25, 50 and 100 years. Twelve maps of the 
United States show the number of excessive rainstorms to be expected in a 30 
year period for each month of the year. — / .  W. Howe.
Determining F lood D ischarges from Small W atersheds. D. L . Y a r n e i x . 
Agr. Eng., v. 18, pp. 13-15, Jan. 1937.
Application of Rainfall Intensity  Frequency Data. D. L . Y a r n e i x . Agr. 
Eng., Sept. 1936.
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A Study of the Variability of Precipitation. E d w a r d  S o u c e k  and J. W. 
Howe. Transactions, American Geophysical Union, pp. 520-525, 1938. Previous 
work on the subject by Binnie and Hazen is reviewed. A  statistical study of 
annual precipitation at eleven Iowa stations, having records at least 62 years in 
length, determines the average coefficient of variation for the state and the fre­
quency of percentage departures from the long time mean for periods ranging in 
length from 1 to 39 years. Records at Boston, Massachusetts; Cleveland, Ohio; 
Ogden, U tah ; Portland, Oregon; and San Diego, California are similarly treated. 
Iowa values divided by the Iowa coefficient of variation and multiplied by the 
coefficient of variation at each of these five stations are compared with actual 
values. Agreement within 5 per cent is found at four of the stations. Poor agree­
ment is found with the San Diego values where departures from the mean are as 
high as 278 per cent. Bibliography: 2 entries. — J. IV. Howe.
R e s e r v o ir s
Fundamental Hydrologic Considerations for the D esign  of Impounding  
Reservoirs in the Middle W est. E. L. W ate rm an , F. T. M a v i s , and Edward 
S o u c e k . Am. W ater W orks Assoc. Jour., v. 28, pp. 193-206, February 1936. An 
analysis of rainfall and runoff records for the Ralston Creek watershed near Iowa 
City for the period 1924-1935 inclusive, gives the basis of a relationship between 
draft and storage requirements for impounding reservoirs in Iowa and the middle 
west. Comparisons with data for certain New England streams indicate that for 
a given storage the available draft per square mile of watershed is approximately 
proportional to the long-time mean annual runoff. For reservoirs in the central 
area, the critical depletion period may be from two to five or more years. The 
authors conclude relations between runoff and rainfall, apparently well defined for 
consecutive periods of three or more years, should be useful in estimating yields 
for similar watersheds in the critical depletion period. The method is applied to
14 reservoirs reported by A. H. Wieters in “The effect of drouth on public water 
supplies in Iowa,” Am. W ater W orks Assoc. Jour., v. 27, pp. 154-163, February
1934. The analysis was consistent with observations on four of the five successful 
reservoirs and seven of the nine unsuccessful reservoirs. — F. T. M.
The Functional D esign  of F lood-control Reservoirs. F u-T e  I. Ph.D. 
Thesis, June 1938. The functional design of a flood control reservoir is complete 
when the reduction of flood peak possible with various reservoir capacities has 
been determined. A direct method of determining this relation is developed by 
extension of Woodward’s five-sixths rule to include reservoirs with either orifice- 
or weir-type outlets, in valleys of almost any natural shape, and by inclusion of 
the protection ratio as one of the variables. The five-sixths ratio becomes a 
variable which is evaluated by infinite series, but which is eliminated by the intro­
duction of the detention ratio. The detention ratio is the proporton of the total 
flood flow which must be stored in the reservoir. I t  is a function of the type of 
outlet, the depth-capacity exponent, and the ratio of the maximum outflow to the 
mean flood inflow. Charts give values of d over the entire range of practical 
values of these variables. Illustrative examples of the use of the detention ratio 
are given. Analysis of data for 250 reservoir sites in the United States, England, 
and China shows that nearly all sites permit of close approximation by this 
method. — C. J. Posey.
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Routing of F loods Through Reservoirs w ith  Especial Attention to 
Determination o f  Spillway Capacity for Small Reservoirs. C. J. P o s e y . 
Bulletin of the Associated State Engineering Societies, Vol. 13, pp. 155-159, Octo­
ber, 1938. Most failures of large and small dams are due to insufficient spillway 
capacity. The inflow hydrograph chosen for design should be based on the best 
data available. The effect of storage in reducing the flood peak may be computed, 
for an assumed spillway length, by use of a special flood-routing slide rule de­
scribed. (Same as Eng. News-Record, v. 114, pp. 580-581, April 25, 1935.) Another 
computation based upon a different spillway length gives a different result. In ter­
mediate lengths can be obtained by interpolation. The hydraulic and structural 
design of the spillway can then be completed. Illustrative examples are given. 
The effect of reservoir storage is not only to reduce the peak discharge, but also 
to increase the time of concentration. This should be taken into account, and the 
design hydrograph revised if necessary. — C. J. Posey.
R iv e r s
The Improvement o f  the Taihu Lake Basin in Connection with the 
Lower Yangtse Estuary in China. D z i e n - Z o e n  S h e n . M. S . thesis, 178 pp. 
January 1925. This thesis deals with the improvement of the Taihu lake basin 
in the flat coastal plain near the mouth of the Yangtse River in China. This area 
includes one of the most highly developed regions in that country. I t  suffers 
periodically from floods and although it has one of the best developed communica­
tion systems in China, a great deal of improvement along these lines is possible. 
The thesis discusses plans for flood prevention, reclamation of the lowlands and 
development of new ports. I t  also considers the regulation of waterways and the 
extension of the highway system. The report contains extensive hydrological 
data. Bibliography: 14 entries. — E. W. Lane.
A Study o f  the Transverse Profile o f  the M ississippi River. N ed L.
A shton . M. S. thesis, 53 pp. June 1926. The general observation that a rising 
stream swells and stands higher at midstream than it does at the banks is verified 
by measurements on the Mississippi River at Lyons, Iowa. The results are plotted 
for sixteen cross-sections of the river. The tendency to flow more swiftly during 
rising stages than during standing or falling stages is also observed and the probable 
change in slope is calculated. — Ned L. Ashton.
Predicting Stages for the Lower M ississippi. E .  W .  L a n e . Civ. Eng., 
v. 7, pp. 122-125, Feb. 1937. This article gives a method of predicting stages on 
the lower Mississippi based on the stage relation method. I t describes the method 
used for stations between which there are no important tributaries entering the 
stream and also the case where important tributaries join. I t shows the result of 
the application of the methods to previous floods and the method by which the 
lowering due to crevasses in past floods can be computed. Data are also given on 
the time of travel for flood peaks of various heights. — E. W . Lane.
Report on the Iowa River. F. A. N ag l er  (W ith U. S. Engr. Dept.). House 
of Rep., Doc. N o .  134, 71st Congress, 2nd Session, 1929. 166 pp., 64 tables, 38 figs., 
24 appendices. This was the first of the “308 reports” on the Upper Mississippi and
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tributaries and served as a pattern for those on other streams of this region. The 
comprehensive report deals with the following subjects : general description of the 
Iowa River, drainage areas, precipitation, stream flow, profiles, bridges and stream 
cross sections, lakes, floods, flood control, water power development, flow regulation 
by storage, navigation, irrigation, gaging stations, and conclusions. Conclusions: 
(1) None of the flood control works considered was found economical nor of appre­
ciable benefit to the Mississippi River. (2) Information regarding present power 
development and future possibilities is given. (3) Navigation projects are not 
needed and would be decidedly uneconomical if built. (4) Irrigation is not neces­
sary in the valley. (5) Plans for development of stream are presented but only 
four power projects appear feasible.— J. W. Howe.
Report on the D es M oines River. F. A . N a g le r  (W ith U. S. Engr. Dept.) 
House of Rep., Doc. No. 682, 71st Congress, 3rd Session, 1929. 127 pp., 51 tables',
52 figs., 13 appendices. This report, the second of the “308 reports” on the tribu­
taries of the Upper Mississippi, is subdivided as follows: Syllabus, introduction, 
general description of the Des Moines River, drainage areas, precipitation, stream 
flow, profiles, lakes, floods, flood control, water power development, flow regu­
lation by storage, navigation, irrigation, gaging stations, and conclusions. Con­
clusions: (1) A  flood control plan is presented but none of its features considered 
economical at the date of writing. None of the works would have an appre­
ciable effect upon the floods on the lower Mississippi. (2) No Federal participa­
tion in power development on the river is recommended. (3) Cost of navigation 
works would be prohibitive in view of the prospective commerce. (4) No irrigation 
works are needed. (5) A complete plan for the development of the basin is given 
but only 6 power developments are considered economic, these being privately 
owned sites. — / .  W. Howe.
Report on Skunk River, Iowa. F. A. N a g l e r . (W ith U. S. Eng. Dept.) 
House of Rep. Doc. No. 170, 72nd Congress, 1st Session, 1932. 110 pp., 41 tables,
19 figs., 13 appendices. Chapters: Introduction, general description, drainage areas, 
precipitation, stream flow, profile, floods, flood control, water power development, 
flow regulation by storage, navigation, irrigation, gaging stations, and conclusions. 
Conclusions: (1) A flood control plan is presented but the construction of addi­
tional works is not justified. (2) No Federal participation in development of 
power is recommended. (3) Navigation expenditures are not advisable. (4) I r r i ­
gation works are not necessary. (5) A complete plan for the development of the 
stream is set forth but none of the projects are considered economical at the date of 
writing. — / .  W. Howe.
Influence o f  D iversion  on the M ississippi and Atchafalaya Rivers. E. F.
S a l is b u r y . Discussion by E. W . L a n e . Trans., Am. Soc. C. E., v. 102, pp. 109-117 
(1937). The contention of Mr. Salisbury’s paper is that the discharge capacity of 
the Mississippi river below Old River is gradually becoming smaller. The discus­
sion agrees with this conclusion. I t gives data based on all of the high water 
discharge measurements by current meter in this section of the river over a period 
of about forty-five years. These studies indicate that about a seven foot higher 
stage was needed in 1930 to pass one million cubic feet per second in this section 
of the river than ,was necessary in 1880. — B. W. Lane.
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S i i / f  a n d  D e t r i t u s
Model Study of Sediment Removal at Gays M ills Hydro-electric Plant, 
W isconsin. F r a n k  W. E d w a r d s . M. S. thesis, 54 pp. June 1930. Tests were 
conducted on 1 :40 scale model to determine method for removing silt deposited in 
forebay of low head hydro-electric installation during flood period when head 
on the dam was negligible. Model limits included river channel above dam, the 
dam with old and new power houses at opposite ends, and a short reach of the 
river below the dam. Flume tests on model sediment and natural sediment were 
made to determine comparative velocities required to pick up and carry the ma­
terials in suspension. A concrete admixture consisting of finely ground metacol- 
loidal tripoli silica was used for model sediment. Various plans utilizing wing 
dams, wing walls, piers, submerged weirs, and sluiceways through the dam were 
tested but proved ineffectual. Satisfactory removal of silt was obtained by in­
stalling a  gate immediately upstream from the power house in the existing retain­
ing wall and constructing a connecting channel to the tail-race. This solution 
further insured against future silting. Data are applicable only to this project. 
Bibliography: 4 entries. — F. W. Edwards.
Determination of Bottom  V elocity  N ecessary to Start Erosion in Sand.
C m  t t y  Ho. Ph.D. thesis, 116 pp. June 1933. The problem of transportation of 
sedimentary materials in flowing water is so important that a thorough knowledge 
of it seems to be necessary for an engineer who is to deal with alluvial rivers or 
sedimentary canals. In the present paper a brief review of earlier studies together 
with a list of bibliography consisting of 134 references, which are widely scattered 
in published literature, is given in order to show how much has been known and 
what seems to be most urgently needed in further studies on this problem. The 
relation between the characteristics of bottom materials and the critical bottom 
velocities is the main point of the present study. I t was experimentally found that 
it is not the discharge, the mean velocity, nor any other hydraulic element but the 
bottom velocity that directly controls the regimen of channels, that is, the erosion 
or deposition of movable stream beds. A change in discharge, mean velocity, or 
any other element may cause either erosion or deposition depending upon how the 
bottom velocity is thereby affected. If the bottom velocity thereby becomes greater 
or smaller than the critical bottom velocity a corresponding erosion or deposition 
will ensue. Empirical equations giving the above mentioned relation were obtained. 
The results show that in designing irrigation canals or river improvement works, 
first, the characteristics of bottom materials should be investigated and, second, 
the bottom velocity is the element which should be controlled. Finally, a brief dis­
cussion on the methods commonly used in the improvements of alluvial rivers and 
some suggestions for further studies are given. — Chitty Flo.
A Critical Analysis of Grove Karl Gilbert’s “The Transportation of  
Debris by Running W ater.” R o l a n d  A. K a m p m k iER. M. S. thesis, 133 pp. 
June 1933. Dr. Gilbert’s experiments were reliable and worth while but illness and 
advanced age prevented him “from joining the results of his experiments to prac­
tical application in a form as useful to engineers and scientists as he would have 
wished.” This thesis is an attempt to condense the information on bed-load silt 
movement contained in Gilbert’s report, to examine his theories critically, to sug­
gest improvements in method, and to begin the work of so reviewing the data
http://ir.uiowa.edu/uisie/19
obtained in his thousand experiments that practical conclusions may eventually be 
deduced. As a simple basis for estimating approximately the changes in a stream’s 
capacity for transporting bed-load silt, or the relative capacity of different streams, 
the data indicate that it is reasonably satisfactory to assume that capacity varies 
directly with the width and with the Sth or 6th power of the mean velocity of 
the stream and inversely with the square root of its depth and with the square root 
of the mean diameter of the transported particles. — R. A. Kampmeier.
Sand M ixtures and Sand Movements in F luvial Models. H a n s  K r a m e r . 
Discussion by F. T. M a v is . Trans. Am. Soc. C. E., v. 100, pp. 849-852, 1935. An 
analysis of experimental data presented by the author shows that within the zone 
of usefulness, median values of Manning’s n varies with grain size as follows: 
0-5.0 mm., n — .024; 0-1.77 mm., « =  .022; .385-5.0 mm., n =  .025. A fter riffles 
have formed Manning’s n increases sharply to values of the order of 20 per cent 
above values in the zone of usefulness. — F. T. M.
Sedimentation in Southern Iow a Reservoirs. G eorge  A. M a r s t o n . M .  S. 
thesis, 75 pp. July 1933. This study of sediment deposits in twelve reservoirs in 
southern Iowa was not based upon direct field measurements. Reservoirs in south­
ern Iowa do not show excessively rapid silting. The rate of sedimentation can be 
controlled by restricted cultivation and proper erosion control upon the water­
sheds. Terraces, especially the broad base ridge type, are best adapted to Iowa 
conditions and do not interfere with cultivation upon the slopes. Bibliography:
24 entries. — George A. Marston.
N otes on the Formation of Sand E. W. L a n e . Transactions, American 
Geophysical Union, 1938. This paper discusses the reason why a river bed may be 
composed of clean sand although the stream carries large quantities of mud in the 
water flowing over it. This condition is shown to be due to the change in the laws 
of the settling rate of particles because of which the velocities necessary to keep 
small particles in suspension are very slight and therefore the mud is kept in sus­
pension while the sand is carried only to a limited extent. — E. W. Lane.
Sediment Transporting Power in Open Channels. Y u n - C h e n g  T u . Ph.D. 
thesis, 140 pp., June 1934. This dissertation presents the results of tests conducted 
in the Hydraulic Laboratory of the State University of Iowa during the academic 
year 1933-1934. The object of the tests was to study the phenomena of bed load 
movement and to determine the critical velocity at which granular materials of 
different sizes and densities start to move under controlled conditions. Tests were 
made in a glass-walled flume with a smooth floor and with a floor roughened by 
fixing wooden strips diagonally across the flume above and below the pit which 
held the granular materials being studied. The following conclusions are d raw n : 
(1) the transporting power of flowing water varies with the 6.75th power of the 
critical velocity; (2) if there are no obstructions which change the normal 
velocity-depth curves, there is virtually a constant relation between the critical 
bottom velocity and the critical mean velocity; (3) if two granular materials have 
the same diameter and different densities, the critical velocity varies as the square 
root of (S  — 1), in which S  is the specific gravity of material; (4) within rea­
sonable limits, the shape of the particles of bed load material does not affect the 
transporting power appreciably; (5) disturbances created by obstacles decrease
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the critical velocity; and (6) the critical velocity for a mixture is virtually the 
same as that for the unigranular material of the mean diameter of the mixture* 
Bibliography: 128 references. — Yun-Cheng Tu.
The Transportation o f  Detritus by F low ing  W ater —  I. F. T. M a v i s , 
C h i t t y  Ho and Y u n - C h e n g  Tu. Univ. of Iowa Studies in Eng., Bull. 5, 1935.
53 pp. Bulletin presents a critical digest of representative investigations into the 
problems of transportation of detritus. Tests were conducted in the laboratory, to 
determine the competent velocities at which grains of sand, fine gravel, Haydite, 
and crushed limestone commenced to move along the bed of a rectangular open 
channel 30 in. wide. Under conditions of competence, velocities were measured as 
close as A  in. to the sand bed, and competent bottom velocities were estimated on 
the basis of velocity-depth curves. The mean apparent specific gravities of ma­
terials tested were 1.83, 2.60 and 2.64. The following formula was found to be in 
substantial agreement with the tests on uni-granular materials conducted in the 
laboratory by Chitty Ho and Y u n - C h e n g  T u: v0 =  hd4/ 9(s — l ) 1/ 2 in which 
v0 is the competent bottom velocity, in ft. per sec., at which grains of material 
begin to move across their bed, d is the mean diameter of grain, in mm., and s is 
the apparent specific gravity of the grains. 58 footnote references. — F. T. M. 
(Eng. News-Rec., v. 115, p. 434. Sept. 26, 1935.)
Transportation of the Bottom  Load in an Open Channel. T e-Y un  Liu. 
M. S. thesis, 60 pp. June 1935. Thesis by Te-Yun Liu, prepared jointly with
A. N. Carter, presents the results of an effort to determine for a limited range 
of materials the traction load — namely, the weight of material transported in a 
given time — as a function of the bottom velocity, size, shape and specific gravity 
of the materials. The tests were conducted in a glass-walled flume 15 ft. long, 
1 ft. wide and 2 ft. deep. The sand bed, 1 ft. long and 1 ft. wide, was maintained 
at the level of a  false door during each of the tests conducted. Four uni-granular 
materials were tested, crushed limestone 5.5 mm. in diameter and crushed limestone 
2.8 mm. in diameter each having a specific gravity of 2.69; coarse river sand 2.9 
mm. in diameter with a specific gravity of 2.64; and finer sand 1.4 mm. in diameter 
with a specific gravity of 2.58. An analysis of the data obtained for loads varying 
from 0 to about 50 lb. per ft.-hr. for these particular materials and tests indicated 
that the traction load varied approximately with the 15th power of the bottom 
velocity. No general conclusions have been drawn on the basis of the tests so far 
completed. Bibliography: 24 entries. — F. T. M. (Eng. News-Rec. v. 115, p. 
434. Sept. 26, 1935.)
The Transportation of Detritus by Flow ing Water —  II. F. T. M a v i s , 
T e-Y un  L iu  and E d w a r d  SouCEK. Bull 11, Univ. of Iowa Studies in Eng., 23 pp., 
September 1, 1937. (A  study of bottom velocity and capacity in the transportation 
of bed load, by Te-Yun Liu. Ph.D. thesis, February, 1937.) Data obtained in more 
than 400 laboratory tests are analyzed with the view to comparing quantitatively 
relationships based on two hypotheses of bed load movement. For a given bed 
material the rate of bed load movement is assumed to depend (1) on the velocity 
of the water at the bed of the stream and (2) on the “tractive force” which is 
proportional to the products of depth of flow and slope of water surface. Six 
granular materials ranging from 1.4 to 4.4 millimeters mean diameter were used 
as bed material. Slopes varied from one-eighth to one per cent. Rates of bed
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movement and corresponding rates of water flow, depths, velocity distributions, 
and channel roughness factors were determined for a wide range of variables. 
Manning’s n was 0.0140 for the finest material and 0.016S for the coarsest ma­
terial. Relations between load, excess slope-depth, and grain size for uni-granular 
materials and mixtures are shown in an alignment chart. 18 footnote references. — 
F. T. M.
Collection o f  Data on the Solids Load o f  F low ing  Streams. E. W. L a n e . 
Journal of the Association of Chinese and American Engineers, Vol. X IX, No. 3, 
May-June, 1938. The various types of equipment for sampling the solid load of 
flowing streams, apparatus for both suspended and bed load movement, are shown 
and the best locations for observing the concentration of suspended material are 
discussed. — B. W. Lane.
Stable Channels in Erodible Material. E. W . L a n e .  Trans., Am. Soc.
C. E., v. 102, pp. 123-142, 185-194, 1937. This paper gives the history of previous 
studies of the stable channel problem and gives the results of investigations of 
the relation between depth and velocities producing stable conditions, showing the 
great range of velocities for the same depth which were satisfactory under various 
conditions. I t also gives the results of previous studies of shape of channel cross 
section and the great range in these for various conditions. The factors which 
influence the shape and velocity are next described and the necessity for great 
width in heavy silt laden channels is developed. The importance of the amount as 
well as the size of sediment carried, in a determination of the shape of canal cross 
section, is stressed. A bibliography is also included. — B. W. Lane.
Engineering Aspects o f  Sediment Transportation and D eposition. E. W.
L a n e . Iowa Engineering Society, February, 1939. This paper discusses the various 
factors entering into the movement and deposition of solids by flowing water and 
the present status of studies to determine the laws of suspended load movement. 
It describes the bed and suspended sediment movement, the methods of collecting 
samples, the various properties of sediment and their measurements, and the 
methods of computing bed load movement. — B. W. Lane.
The Control o f  Silt D eposits near Condenser Intakes at a Steam Power  
Plant. E d w a r d  R. V a n  D r i e s t . M. S. thesis, 43 pp. August 1937. A model was 
constructed of a section of the Des Moines River to study the problem of silt 
deposition at the condenser intakes of a steam power plant. More than 200 photo­
graphs cover a range of river discharges simulating existing conditions indicated 
surface and bottom currents conducive to deposition of silt near intakes. Back­
ward flow in the model was reduced by raising the dam but a sluice-way in the 
dam had no appreciable effect on eddy currents in the model. A spur dike opposite 
the intakes also seemed ineffective. Bibliography: 5 entries. — B. R. Van Driest.
Traction of Pebbles by F low ing Water. J o h n  B ogardi and C. H. Y e n . 
M. S. thesis, 66 pp. June 1938. Traction tests of three gravels ranging in size from 
7.1 mm. to 15.5 mm. conducted in a flume with two different widths and various 
bottom slopes, were analyzed in terms of bottom velocity, mean: velocity, and 
tractive force. While the competent bottom and mean velocities were fairly con­
stant and independent of the bottom slope, the slope-depth products show some 
relation to the bottom slope. The analysis indicates that the width of the flume
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affects the velocity distribution, tractive force, and the influence of roughness 
factor. Bibliography: 16 entries. — John Bogardi.
F low  Around Cubes Fixed to the B ottom  of a Flume. V. N. G o n c h a r o v .  
Translated and abstracted by A n d r e a s  L u k s c h .  Proceedings, American Society 
of Civil Engineers, v. 63, pp. 32-35, November 1937. The physical phenomena con­
nected with the flow around the cube fastened to the bottom of a flume and the 
quantitative effect of forces exerted by flowing water on such a cube are investi­
gated. The final aim was to determine a relation between the amount of bed load 
moved, the mean velocity of flow, and the size and unit weight of bed load 
particles. — i f -  T .  M .
A Study of Bed M ovement and Hydraulic Roughness Changes in the 
Lower M ississippi River. E d w i n  W. E d e n , J r . M. S. thesis, 84 pp. June 1938. 
This thesis reviews the available literature on the movement of sand waves in 
natural rivers describing principally the observations on the Mississippi river at 
Lake Providence, Carrolton, and Helena in 1879 and 1880. I t then describes in 
detail observations on the elevations of the bed of the Mississippi river at the 
bridges at Memphis and Vicksburg, which were computed from the soundings 
made by the U. S. Geological Survey in connection with their discharge measure­
ments at these points. By subtracting the depth of water as sounded from the 
stage of the river the elevation of the bottom referred to the zero of the gage was 
determined. As these soundings were made at the same points on the bridge 
several days apart over long periods of time, the variation in the elevation of the 
bed at these points was shown. These data showed the formation of distinct sand 
waves under certain conditions in the shallower portions of the river which reached 
a maximum height of over thirty feet at Vicksburg and about one-half that amount 
at Memphis. The formation of these waves did not seem to affect the mean hydrau­
lic roughness of the channel which varied from a Manning’s n of 0.045 at low 
stages to 0.030 at ten feet below bank full stage. — E. W. Lane.
Graphical Representation o f  the Mechanical Analyses of Soils. F r a n k
B. C a m p b e l l . Discussion by E. W. L a n e . Proceedings, Am. Soc. C. E., v.. 64, 
pp. 1217-1220. June 1938. Mr. Campbell’s paper discussed the various classifica­
tions used in describing soils as developed by various persons and proposed a new 
classification with numerical values to indicate the mean value and variability of 
the size of the particles. The discussion includes several classifications not men­
tioned by Mr. Campbell and a simpler method of numerically indicating the size 
variability. — E. W. Lane.
Laboratory Investigation of Flume Traction and Transportation. Y. L.
C h a n g . Discussion by E. W. L a n e . Proceedings, Am. Soc. C. E., v. 64, pp. 1209- 
1210. June 1938. The original paper deals with the laws governing bed load trans­
portation. The discussion raises the question regarding the accuracy of the author’s 
conclusion about the effect of bed slope on the transporting power of streams. 
This conclusion was shown by other discussers of the paper to be in error due 
to a  mistake in the mathematical derivation. The discussion also questions the 
conclusion that silt transportation tends to decrease the mean velocity of flow and 
suggests a relation between the laws of bed load transportation and the laws of 
settlement of particles in water. — E. W. Lane.
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A Theory of Silt Transportation. W. M. G r i f f i t h .  Discussion by E. W, 
L ane . Proceedings, Am. Soc. C. E., v. 64, pp. 1726-1728. October 1938. The 
paper deals with an empirical formula for computing the amount of silt carried by 
a stream, which does not consider — except in a very rough way — the size of the 
material carried. The discussion points out the necessity of a consideration of this 
factor. — E. W. Lane.
S p i l l w a y s
The Determination of the Coefficients of Discharge over an Ogee Dam, 
W ith  and W ithout P ier Contractions. E .  E .  E r i c k s o n  and P. L. M e r c e r . 
M . S. thesis, 42 pp. June 1922. A joint thesis in two sections of which the first, by
E. E. Erickson is devoted to experimental determination of the discharge coeffi­
cients of a model ogee spillway and the second, by P. L. Mercer, is devoted to the 
similar determination of the discharge characteristics of the same spillway when 
obstructed by piers. In the first experiments, the crest length of the suppressed 
spillway was 6.67 ft. and coefficients were derived for heads ranging from 0.2S ft. 
to 0.85 ft. The flow was measured over a standard Bazin weir and it was the 
capacity of this measuring device which limited the discharge and consequently 
the heads which could be used. For the purposes of the second group of experi­
ments the spillway was obstructed by a pier 2.22 ft. in width located on the crest 
at the mid-point of its length, thus dividing the discharge into two channels each 
approximately 2.22 ft. wide. Experiments were conducted using square nosed and 
round nosed piers and the effects of the contractions were expressed in formulas 
as functions of the spillway crest length. — P. L. Mercer.
Experiments on Discharge over Spillways and Models, Keokuk Dam.
F. A. N ag lER and A l b io n  D a v i s . Trans., Am. Soc. C. E., v. 94, pp. 777-820, 844, 
1930. Discharge coefficients for the Keokuk spillways, determined by current meter 
measurement, ranged from 3.70 to 3.90 dependent upon the location of the gate 
in reference to adjacent discharging spillways. Gates, 30 ft. long and 11 ft. high, 
were fully raised and some 150 measurements of direction and magnitude of 
velocity taken in the cross section of the nappe. Eight such measurements were 
made with various arrangements of adjacent spillways open. A  1:11 model of 
three spillways was tested at the University o f  Iowa hydraulic laboratory, the dis­
charge being measured by a rectangular weir. Model coefficients agreed with 
prototype coefficients within the limits of accuracy of field measurements. Surfaces 
of different roughness had little effect on model coefficients. Experiments on piers 
of different shapes indicated that extension upstream or tapering in plan increased 
the spillway discharge. — J. W . Howe.
Scour B elow  a Model Dam with Shallow Backwater. A r t h u r  H o u s t o n  
F r y e , Jr . M. S. thesis, 78 pp., June 1937. The thesis presents the results of tests 
on scour below a model ogee spillway to determine the relative effectiveness of a 
flat apron with and without an end sill operating with shallow backwater. Diagrams 
show center line profiles and contours of the sand bed after each test. Bibliog­
raphy : 6 entries. — P. T. M.
Study o f  Stilling Basin Design. C. M a x w e l l  S t a n l e y . M . S . thesis. 48 pp. 
February 1930. The thesis presents the results of experiments made with models 
to determine and classify the various types of action in a stilling basin used to
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dissipate energy at the toe of an overflow dam or spillway. The types of action are 
classified into five different groups and the conditions under which each type will 
occur are determined by two ratios dealing with the physical dimensions of the 
basin. The first of these ratios is obtained by dividing the length of the basin by 
the depth of water. The second of the ratios is obtained by dividing the depth of 
water by the theoretical depth required to produce a hydraulic jump. A close 
relationship is found between satisfactory stilling basin action and physical dimen­
sions approximating those necessary for the creation of a hydraulic jump. Charts 
are included to permit the proportioning of stilling basins to obtain satisfactory 
results. — C. M. Stanley.
Discharge Coefficients o f  Tainter Gates. S u d h e n d u  K i r a n  G u h a . M. S. 
thesis, 69 pp. June 1932. Tests were made on a 24-in. radius tainter gate
20 in. high and 251 in. long. Two trunnion positions were used with each of 
three different crests under the gate: a vertical sharp crested weir, a flat crest, 
and an ogee spillway crest. Coefficients of discharge for an orifice formula were 
computed. These coefficients were not related to the variables affecting flow but 
were consistent in these respects: (1) Coefficient decreases as gate opening in­
creases. (2) For high heads, average coefficients, for one trunnion position, with 
ogee crest, sharp crest, and flat crest were 0.76, 0.72, and 0.66 respectively. (3) For 
low heads coefficients for flat and ogee crests were nearly the same and for sharp 
crests considerably lower. Bibliography: 6 entries. — J. W. Howe.
Lateral D ispersion of Spillway Discharge. F r e d e r ic k  S. W i t z i g m a n . M. S. 
thesis, 83 pp. June 1933. Two series of tests were made: (1) a preliminary series on 
small models to determine the most satisfactory design, and (2) a more detailed 
study of the satisfactory design in a large model. In the small models, 17 designs 
were studied below a spillway 0.7 ft. long. The main feature of these designs was 
either a dome-shaped apron floor or an end sill curved in a horizontal plan with a 
single curve or a W -curve with points upstream. Plaster-of-Paris was used to shape 
the domes and modeling clay to shape the end sills. The large model had a spill­
way 3.5 ft. wide placed in the center of a channel 10 ft. wide. The end sill was 
fF-shaped and 3.5 in. high. Flaring walls in either side of the stilling basin ex­
tended from the gate piers to the end sill. Lateral dispersion of the flow was 
satisfactory up to depths 7.5 times the height of the end sill. Extensive velocity 
measurements showed a fairly uniform distribution of velocity across the 10-ft. 
channel downstream from the model. Bibliography: 5 entries. — Frederick S. 
Witzigman.
A Laboratory Investigation of Overflow Sections with Sand Core.
H erroe  J a m e s  S k i d m o r e . M. S. thesis, May 1935, 42 pp. Data are presented for 
flow over a 1/5 scale sectional model of an embankment 8.5 ft. high, 40 ft. wide 
on top with 1 :3 upstream slope and 1 :5.5 downstream slope. Four models were 
tested, two of trapezoidal section with transverse slopes 1 in. and 3 in. in 10 ft. 
respectively and two sections otherwise similar but each with a curb 2 ft. high 
in the prototype. Discharge coefficients are given for both free and submerged 
overflow. Qualitative data are given for percolation through the model. — F. T. M.
F low  of F lood  W ater over Railway and Highway Embankments. D avid  
L. Y a r n e l l . Public Roads, v. 11, No. 2, April 1930, pp. 30-34. Tests were con­
ducted of a full-sized section of a single track embankment ten feet long with
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top of rail 3.8 ft. above the floor of the canal. A double-track embankment 1.8 ft. 
high to top of rail was also tested. Test data are summarized graphically showing 
the coefficients of discharge as a function of submergence ratio and as a function 
of the depth of flow plus velocity head measured above the crest of the fill. Data 
are given for railway embankments with rails in place and for combinations with 
one or more of the downstream rails removed. The curves show substantially no 
reduction in discharge coefficients for submergence ratios less than 60 per cent.—
F. T. M.
Stilling P ools  for Spillways. C h a r l e s  W e s l e y  K i n n e y . M. S. thesis, 63 pp. 
June 1935. Thesis reports 70 experiments on the hydraulic jump as a means of 
preventing erosion below model spillways. In  the experiments the hydraulic jump 
was formed on a smooth apron below an undershot gate. Upstream from the jump 
the velocity head ranged from 3 to 41 times the depth of flow. A  sill of rectangular 
cross-section was fastened to the lower end of the apron. The opening beneath 
the undershot gate, the quantity of discharge, the length of apron and the height 
of sill were varied, and observations were made of the erosion of the sand below 
the apron. Author concludes: length of apron should be equal to or greater than 
the length of the jump which is from 6 to 6i times its height; for best results the 
height of sill should be between 0.07 and 0.12 times the depth of flow below the 
jump. Bibliography: 60 entries. —  P. T. M.
Coefficients of Discharge o f  Tainter Gates. H oy  D .  D a v i s . M. S. thesis, 
44 pp. June 1936. Tests were run on a model tainter gate 2.5 ft. wide and
2.0 ft. radius discharging freely on a level floor. Using the formula Q =  
CAV2g(H  — hv) for computations, the coefficients of discharge varied from about 
0.90 to 0.65, decreasing as the discharge increased. For a head, H t, measured above 
the top of the gate openings, the tests indicated that the range of the coefficients 
was greater but that the effect of gate openings was less than for coefficients based 
on a head, H c, measured above the center of the gate opening. The angle which 
the lip of the gate made with the horizontal varied from 60 degrees to 70 degrees 
and appeared to have only a slight effect on the coefficient. Bibliography: 9 en­
tries.— Hoy D. Davis.
The Effect o f  Scale Ratio on Scour in Model Stilling Pools. P h i l i p  
C h a r l e s  S t e i n . M. S. thesis, 116 pp. June 1937. Tests were made in a 12 in. flume 
of scale models of six hypothetic prototypes of stilling pools consisting of a 
hydraulic jump on a level apron without end sills. Scale ratios of models were
1.00, 1.55 and 2.45. Four models were tested in a 6 in. flume with scale ratios 
of 3.40 and 5.35. Five sizes of bed material were used. Sufficient readings were 
made of bed material to show temporal variation of bed profiles. The results show 
that variation in scale ratio causes considerable variation in rate of scour, but no 
formalized relation was found. Bibliography: 4 entries. — P. Charles Stein.
Determination o f  the Coefficient of Discharge of a Tainter Gate over a 
Horizontal Sill. J u n g - K o P e n g . M. S. thesis, 72 pp. June 1937. A  12-in. radius 
tainter gate 12 in. wide, 16 in. high and mounted over a level sill was tested under 
conditions of variable head, gate opening, and gate angle (trunnion position). The 
discharge was measured by a gravimetrically calibrated triangular weir. In a 
total of 460 tests, gate openings ranged from 0.05 to 0.40 ft., gate angles from 57
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degrees to 99 degrees, and heads from 0.2 to 1.3 ft. Although the data were not 
sufficiently consistent to determine the relation of discharge coefficient to variables, 
the following observations were made: A discharge coefficient based on head to 
center of opening is more nearly constant than one based on head to top of 
opening. The coefficient generally increases with greater head, decreases as the 
gate lip approaches the vertical and decreases with greater gate openings. A 
formula and nomograph for determining the discharge coefficient are given. Bib­
liography: 10 entries. — J. W. Howe.
The Hydraulics o f  Tainter Gates. Ross N y m a n  B r u d e n e i x . M . S .  thesis, 
137 pp. August 1938. Tests were made on an unsubmerged tainter gate 251 in. 
long, 20 in. high and of 24 in. radius mounted over (1) a horizontal floor, (2) a 
flat crest, and (3) an ogee dam crest. The approach channel was 2 ft. 6 in. wide 
and 3 ft. 9 in. deep. O f 365 tests, only those obtained with a horizontal floor under 
the gate were analyzed. Author concludes: (1) Head should be measured to 
center of gate opening. (2) The data did not agree with Horton’s diagram within 
23 per cent in some cases. (3) The discharge coefficient decreased as gate opening 
increased and decreased as the angle of gate lip with the horizontal increased. 
No implicit relations were found. The coefficient ranged from 0.62 to 0.93. B ib ­
liography : 15 entries. — J. IV. Howe.
Discharge Coefficients for Non-Submergible Tainter Gates. E d w a r d  S. 
P rETi o u s . M. S. thesis, 80 pp. January 1939. A tainter gate model, 18 in. in 
radius and 231 in. long with trunnion set 14A in. above gate sill, was tested with 
free discharge. Another model, 171 in. in radius and 24§ in. long with trunnion 
set 14 in. above the sill, was tested with submerged discharge. Both represented 
existing prototypes to scales 1:20 and 1:17.2 respectively. In the formulas which 
follow, H c =  head measured from upstream water surface to center of gate 
opening, corrected for velocity of approach. D =  gate opening, h =  difference in 
elevation of upper and lower pool surfaces, P =  lower pool surface above gate 
sill. The coefficient C is applied to the orifice discharge formula, Q =  CA \!2gHc.
Free discharge: C =  0.613(HC/D ) OOS for H c/D^>3 —— (1) and C =  0.545
(H c/D ) 018 for H c/D < ^3 ------(2). Coefficients computed by formula (1) showed
closer agreement with the experimental coefficients, with a maximum per cent 
variation of 4.1 and an average of 1.0.
0.95 Do-1«  ¿o.oo7
Submerged discharge: C ' f = ---------po ~22--------------- (3). Coefficients in form­
ula (3) showed a mean variation from the experimental coefficients of 2.0 per 
cent for gate openings ranging from 0.116 to 0.466 ft. Bibliography: 20 entries.—
E. S. Pretious.
S t r u c t u r e s
Diagrams for D esigning Reinforced Concrete Columns. F. T. M a v is  and 
O. J. B a l d w i n . Civil Engineering, v. 5, pp. 367-368, June 1935. The usual assump­
tions of reinforced concrete design are applied by transformed areas and a simple 
algebraic transformation of variables to establish an equation for fiber stress in 
an eccentrically loaded column in terms of gross equivalent area of concrete, and 
bending moments or eccentricities referred to the geometrical axis of the cross
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section. Two diagrams are shown. One shows the equivalent load factor (1 -\-e/k)
1 +  e \
--------  I as a function of eccentricity of loading, per-
k /
centage reinforcement, and the ratio n — Es/E c. The second diagram shows the 
relationship between equivalent axial load on a circular column and the core size 
and reinforcement in accord with the Joint Standard Building Code of 1928. — 
F. T. M.
Strength of Columns, Post and Struts. H ard y  C r o ss  and F. T. M a v i s . 
Chapter 14 (pp. 483-581). Kidder — Parker, Architects’ and Builders’ Handbook. 
18th edition, John Wiley & Sons, Inc., 1931.
The Stability of Embankments in Water. F r a n c i s  R. H o e h l . M. S. thesis, 
June 1935, 22 pp. Model embankments 2 ft. long, 4 in. wide on top, with side 
slope respectively 14:1, 2:1, and 24:1 were loaded through a bearing mark 12 in. 
long and 3 i in. wide. Load-settlement curves were determined for dry, moist, and 
saturated embankments. The following conclusions were drawn: (1) There was 
little difference in the ultimate strength of unsubmerged embankments for the 
three slopes tested at substantially capillary saturation. (2) The strength of em­
bankments was greater for embankments with the flatter slopes when there was 
little or no moisture in the sand. (3) The loss of stability for the 2:1 slopes was 
nearly constant regardless of the degree of submergence. (4) The loss of stability 
varied with the degree of submergence for the 24:1 embankment. — F. T. M.
The Behavior of Soil Materials in W ater Retaining Structures. E. W.
L a n e . Soil Science Society of America Proceedings, v. 1, 1937. This article deals 
with the design of earth dams, masonry dams on soil foundations taken up largely 
from the standpoint of small structures. It discusses the various types of failure 
of earth dams, such as spillway failures, foundation leakage, percolation along 
outlet conduits, unsuitable soil material, inadequate compaction, and too steep 
slopes and the remedies for each. The design of masonry dams on earth founda­
tions is also treated. — E. W. Lane.
Handling Corners in Rigid Frames. B. J. L a m b e r t  and C. J. P o s e y . Eng. 
News-Rec., v. 121, pp. 147-148, Aug. 4, 1938. Correct and incorrect methods of 
reinforcing corners are discussed, and the total stress in a stirrup is shown to be 
equal to the total stress in the main bar times the stirrup spacing measured 
along the main bar, divided by radius of curvature of the main bar. The unit stress 
in the web of steel corners with curved flanges is shown to be equal to the total 
flange stress divided by the product of the radius of curvature and the web thick­
ness. A  preferable design has sharp corners, with stiffeners to take the thrust 
occasioned by the change in direction of the flanges. Experimental verification of 
this conclusion is shown to be provided by tests made in 1938 at the National 
Bureau of Standards. — C. J. Posey.
T u r b u l e n c e
Effect of Turbulence on the Registration of Current Meters. D avid  L .  
Y a r n Ell  and F loyd A. N a g l e r . Transactions, American Society of Civil E n ­
gineers, v. 95, pp. 766-795, 856-860. 1931. Tests were made on eleven current 
meters to determine the effect of turbulence, or variations in direction, and rapid
P
in the formula f max
=T(
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changes in speed of flow, on their registration. Three of the meters tested were 
of the cup type and eight were of the screw or propeller type. Tests were con­
ducted in a smooth concrete box-flume 4 ft. square and 36 ft. long. Discharge 
was measured by a 10 ft. suppressed sharp-crested weir. Experiments were made 
with velocities of 1, 2, 3, and S ft. per sec. in the experimental flume. In all tests 
the depth of flow in the flume was 3 ft. and observations of velocity were recorded 
at symmetrical points in the cross-section spaced 1.5 ft. apart vertically and 1 ft. 
apart horizontally. Turbulence was created by fixed obstructions in the flume 6 ft. 
upstream from the testing section. In some tests the turbulence was produced by 
either vertical or lateral obstructions in the flume made by a submerged triangular 
dam or by a vertical pier, but the most disturbed condition was obtained by devices 
resembling stationary paddle-wheels. The effect of the stationary paddles with 
vertical axis was different from that of the paddles of horizontal axis. Conclusion: 
(1) A flowing stream may be so turbulent as to change very noticeably the read­
ings obtained by a current meter. (2) The disturbances in the current-meter read­
ings are not caused to any noticeable degree by the fact that the flow is unsteady; 
that is, they are not influenced by the inertia of the current-meter wheel, nor are 
they produced necessarily when there are pulsations or any unsteadiness in the 
stream. (3) The variations in current-meter readings seem to be due mainly to 
the obliquity of flow in the filament striking the meter wheel. (4) When meters 
are held on a rod in a rigid position, with the meter axis paralled to the general 
axis of the stream, turbulent flow invariably causes the cup meter to over-register 
and the screw type to under-register. (5) The cup meter registers the true velocity 
of currents approaching the meter from almost every horizontal direction; hence, 
it over-registers the component perpendicular to the gaging section of horizontally 
oblique flow. Obliquity of flow in a vertical direction has a slight tendency to 
cause under-registration and thus may compensate to some degree for the over­
registration caused by horizontal obliquity. An annotated bibliography of pub­
lished references on current-meter characteristics by American investigators is 
appended. — F. T. M.
Applications of the Statistical Theory of Turbulence to Hydraulic Prob­
lems. A. A. K a u n s k e  and E. R. V a n  D r i e s t . Proc. F ifth International Con­
gress of Applied Mechanics, Cambridge, Mass., 1938. The purposes of this paper 
are to associate the study of fluid turbulence to the ultimate solution of selected 
hydraulic problems, to indicate some experimental techniques suitable for obtain­
ing turbulence data in flowing water, and to analyze such typical data. The statis­
tical theory attempts to characterize turbulence from the standpoint of its diffusion 
and energy dissipation power. In general the theories of turbulence as developed 
by G. I. Taylor and as expanded by Von Karman can be applied to turbulent water 
streams. The general principles developed enable a systematic attack on problems 
even where the simplifications of isotropic turbulence are not entirely attained. — 
A. A. Kalinske.
Falling of Bodies in a Stream and the Effect of Turbulence. G w o h - F a n  
D j a n g . Ph.D. thesis, 46 pp. February 1935. The study deals with the drift dis­
tance of a body falling freely in a stream which may possess varying degrees of 
turbulence. Author concludes that for a given velocity distribution the mathematical 
expression for drift distance and time of fall are of the same form whether the 
resistance varies with the first or the second power of the velocity. The effect
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of turbulence on drift distance and time of fall can be treated advantageously by 
means of the Brownian movement methods. 11 footnote references. — F. T. M.
Modern Conceptions of the Mechanics of Fluid Turbulence. H u n t e r  
R o u s e . Discussion by C. J. P o s e y . Trans., Am. Soc. C. E., v. 102, pp. 506-508, 
1937. The writer suggests that the measurement of roughness should be based 
upon the range of slope and curvature of the profile of a longitudinal section of 
the roughness, as well as the linear range, heretofore the only numerical measure 
reported. Similarly the first and second time derivatives of each component of the 
instantaneous velocity at a point in a turbulent stream should be measured to com­
pletely characterize the turbulence. — C. J. Posey.
W a t e r  P o w e r
U tilization  of Surplus F lood W ater to Suppress Backwater upon 
W ater Pow er Developments. F loyd  A. N aglER. General Electric Review, 
v. 25, pp. 598-602. October 1922. (A lso: Transit, v. 26, pp. 33-35, 42. March 
1922). A laboratory model of a development of about 30 ft. head was constructed 
to a scale of 1 :l0 with a view to using high velocity discharge of head water over 
the spillway to suppress the water surface at the mouth of the glass tube. Con­
verted to prototype quantities, the tests showed that for a spillway discharge of 
5700 sec. ft. and a draft tube discharge of 670 sec. ft., the gain in head due to 
using the hydraulic jump to suppress backwater was 4 ft. for a normal head on 
the development of 16 ft. and 12 ft. for a normal head on the development of
26 ft. The tests further showed that the quantity of water discharging through the 
d raft tube has little effect upon the height of the hydraulic jump. The turbine dis­
charge may be increased to 2700 sec. ft. (in prototype) without affecting the gain 
in head more than 2 per cent if 6,000 sec. ft. is discharging over the spillway.—
F. T. M.
An Investigation of the Replogle Type of Head Increaser. E m i l  P. 
S c h u l EEn . M. S . thesis, 49 pp. June 1927. Model of turbine “head increaser" 
(a  modified form of Mark A. Replogle’s “Turbine Accelerator” ) was tested and 
the results were compared with those obtained by Clemens Herschel from a model 
of his “Fall Increaser.” Tests covered two general designs one with and the other 
without metal guide vanes to direct paths of accelerator and turbine waters 
parallel to the axis of the draft tube. Preliminary tests of the tube without guide 
vanes indicated poor efficiency. For the model with guide vanes, peaks of maximum 
and minimum efficiency curves enveloping the test range were 20 and 18 per cent, 
respectively, as compared to efficiencies of 27 to 30 per cent reported by Herschel 
for his “Fall Increaser.” Peak efficiency was obtained when the ratio of turbine 
discharge to accelerator discharge was 0.8 as compared with 0.3 for Herschel’s 
“Fall Increaser.” Analysis of test data indicated that greater “Head Increaser” 
efficiencies might have been obtained had the range of the test apparatus permitted 
higher heads and larger discharges. See also “A Study of Devices for Utilizing 
Flood W ater to Increase the Power of W ater Turbines,” by J. Stuart Meyers. 
M. S. thesis, June 1928. — B. P. Schuleen.
The W ater Power of Iowa. F loyd  A. N a g l e r . University of Iowa Exten­
sion Bulletin, N o .  170, pp. 22-36. April 15, 1927. Some day it may be feasible 
to develop at least 400,000 h.p. of energy from the streams within the State of
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Iowa. In 1927 the installed capacity of water wheels was 186,591 h.p. or 47 per 
cent of the estimated potential power available at the medium flow. In  the per­
centage of development of its water-power resources, Iowa ranks 15th among 
the states. Flow duration curves are shown for a number of streams within the 
State. Future development of power of Iowa streams will probably be accom­
plished by building a large number of relatively small, low and average head 
plants. “Such plants cannot be operated with profit in isolated units but may be 
economical when interconnected by transmission lines to feed their energy, when­
ever available, into large electric systems provided with adequate auxiliary power. 
W ith such interconnection during times of low water it will generally be found 
most economical to operate the steam plant at the base of the load carrying the 
peak with those hydro-electric plants possessing a fair amount of pondage operating 
at the gate openings giving best efficiency. This procedure insures the operation 
of the steam plant at high load factors and should, in the development of Iowa’s 
better rivers, reduce the investment in steam plant capacity. The power generated 
from water thus becomes more valuable to the system and the cost of the steam 
fuel which has been replaced by the kilowatt-hour output of the hydro-electric 
plant.” — F. T. M.
W ater Power Development in Iowa. F. A. N agle» .  Book of Iowa, pp. 
163-164 (1932). The part played by water power developments in the growth of 
the states is reviewed. Present water power used in the production of power 
makes possible an annual saving of some two million tons of coal. Among the 
states of the nation, Iowa ranks twenty-third in water power resources. Some
500,000 horse power could be developed in the state, mainly on the Iowa and Des 
Moines rivers. The future development of power in Iowa will depend on the 
cost of fuel and construction costs as well as upon the growth of a market for 
power. The eastern streams of the state are better for power purposes than those 
in the west. Five tables are included: Table 8 lists 60 water powers existing in 
1931 with heads and capacities. Table 9 gives the annual kilowatt-hour output 
from 1920 to 1930 and lists the present, potential, and feasible power resources of 
the state. Table 11 records the minimum stream flow at several gaging stations. 
Table 12 gives several sites at which future development may be possible. — J. W. 
Howe.
Hydrological Phases of W ater Power Development on the Upper D es  
Moines River. C h a r l e s  K e i t h  W i l l e y . M. S. thesis, 63 pp. August 1937. 
Stream flow records for the Des Moines River are summarized for the period 
1914-1936. Surface area and capacity curves for hypothetical reservoirs located at 
High Bridge and at Ft. Dodge are shown. Evaporation losses for a reservoir at 
High Bridge with a 100-ft. head were estimated to exceed the stream flow for 
several months at a time. Studies of the hypothetical reservoir operated for power 
development indicated an output of 9,000 h.p. at a 50 per cent load factor might be 
expected during periods of extremely low flow without impairing recreational 
values. Bibliographies: 8 entries. — Charles Keith Willey.
A Study o f  D ev ices  for U til iz ing F lood W ater to Increase the Power  
of W ater Turbines. J. S t u a r t  M e y e r s . M .  S .  thesis, 73 pp. June 1928. Tests 
were made on a special expanding draft tube with provision for introducing flood 
water so that the pressure in the throat of the tube was lowered and the head on
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the turbine was increased. Maximum efficiency of 43 per cent was observed, with 
indications that higher efficiency could be obtained by further improvements. 
Mathematical analysis indicated that greatest efficiency would be obtained when 
turbine and flood waters had the same velocities at the point of mixture, and that 
gain in head would increase as velocity of flood water increased over velocity of 
turbine water. These indications were generally supported by the observations. 
Bibliography: 5 entries. — Stuart Meyers.
A Study o f  the Hydraulic Phenomena at Sudden Enlargements W ithin a 
Pipe. L loyd  L .  H e s k e t t . M. S. thesis, 12 pp. July 1929. Report covers further 
developments in a series of experiments endeavoring to discover a more efficient 
method of converting the velocity head present in flood waters to pressure head 
necessary for the normal operation of a hydraulic turbine. This series of experi­
ments covers in detail the phenomena observed during the mixing of two streams at 
varying differences in velocity, and the application of data secured to verify 
formulas derived in preceding reports. While additional tests would have been 
desirable, the data were consistent and indicated that further research along these 
lines would undoubtedly produce higher mixing efficiencies. Bibliography: 7 en­
tr ie s— Lloyd L. Heskett.
U .  S .  E n g i n e e r  O f f i c e  R e p o r t s
Laboratory T ests  on Hydraulic Model of M ontgomery Island Lock and 
Dam, Ohio River near Industry, Ohio. (Final Report.) Prepared under 
direction of the District Engineer, U. S. Engineer Office, St. Paul, Minnesota by 
the U. S. Engineer Sub-Office, Hydraulic Laboratory, Iowa City, Iowa. 113 pp. 
December 1936. The tests were made for the U. S. Engineer Office, Pittsburgh, 
Pennsylvania, to investigate (1) methods of eliminating cross currents at the 
upper lock entrance, (2) the effectiveness of fixed weirs at the ends of a spillway,
(3) the backwater effect of the structure, and (4) the effect of Montgomery 
Island on the current conditions in the lower lock approach. Model tests indicated 
that navigation conditions in the upstream lock approach appeared satisfactory in 
the model with river discharges not exceeding 150,000 sec. ft. A deflecting dike 
constructed upstream from the lock approach and extending into the river about 
200 ft. from the left shore was most effective in creating suitable navigation con­
ditions in the upstream lock entrance. The best scheme of operation of the spillway 
as affecting navigation and scour was to have all spillway gates discharge approx­
imately equal quantities of water. W ith twelve roller gates in the dam and a 
flow of 400,000 sec. ft. simulated, the structure caused a rise in water surface 
upstream equivalent to about 0.5 ft. Tests of the prototype have been authorized 
and the analysis and correlation of these test data, when they become available, 
will be submitted as appendices to this report.
Laboratory T ests  on Hydraulic Model of Lock and Dam No. 5, M issis ­
sippi River near Minneiska, Minnesota. (Final Report.) Prepared under the 
direction of the District Engineer, U. S. Engineer Office, St. Paul, Minnesota by 
the U. S. Engineer Sub-Office, Hydraulic Laboratory, Iowa City, Iowa. 103 pp. 
June 1936. A fixed bed model of 8.2 mile reach of the Mississippi River above 
the dam was constructed to a horizontal scale 1:500 and a vertical scale 1:100. 
The lock and dam itself was constructed in the model to a compressed transverse
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scale 1:500 and to the same longitudinal and vertical scales, 1:100. Trees and 
underbrush in the model were simulated by 2-in. crushed limestone and pea gravel 
respectively. The tests were purposed to determine the effect of Lock and Dam 
No. 5 on velocities, backwater, and silting tendencies in the river upstream from 
the structures. Currents at the lock entrances were studied with a view toward 
providing the best navigation conditions. Tests indicated swellheads at the dam 
ranging from 0.14 ft. for a discharge of 25,000 sec. ft. to 1.03 ft. for a discharge 
of 175,000 sec. ft.
Hydraulic Model T ests o f  the F il ling  and Emptying System for the 
Chickamauga Project Lock, Tennessee River. (Final Report.) Prepared 
under the direction of the District Engineer, U. S. Engineer Office, St. Paul, 
Minnesota by the U. S. Engineer Sub-Office, Hydraulic Laboratory, Iowa City, 
Iowa. 46 pp. December 1937. The Chickamauga Lock is 60 ft. wide, 405 ft. long 
with a maximum lift of 57 ft. The model constructed to a scale 1 :20 was tested 
to determine the filling and emptying times and rates of rise and fall in the lock 
chamber with various numbers of ports on each side, discharging under different 
heads. Due to the number of variables involved the tests were divided into two 
phases: (1) using fourteen 23 in. square ports on each side of the lock chamber 
operating under heads or lifts of 48, 51, 54, and 57 ft., the filling and emptying 
times were observed and the corresponding maximum rates of rise or fall were 
determined; and (2) using various numbers of ports ranging from 7 to 14 on 
each side of the lock chamber, operating under a 57-ft. lift, the valves were opened 
in 1, 2, and 3 min. to determine the effect of valve opening period on the filling 
and emptying time. The tests indicated that the port area necessary to maintain 
a maximum rate of rise of 13.5 ft. per min. in the lock chamber would be provided 
by 14 streamlined, Venturi-shaped ports in each culvert, with throat cross-sections
19 in. square. Valve opening periods greater than 2 min. had little effect on the 
total operating time with lifts up to 57 ft. The duration of the valve operating 
period affected the maximum rates of rise and fall and caused them to occur 
either before or after the valve was fully opened. The tests were made for the 
U. S. Engineer Office, Nashville, Tennessee.
Hydraulic Model Studies of the Navigation Conditions in the Lower  
Lock Approach for Chickamauga Project Lock, Tennessee River near 
Chattanooga, T ennessee. (Final Report.) Prepared under the direction of the 
District Engineer, U. S. Engineer Office, St. Paul, Minnesota, by the U. S. Engineer 
Sub-Office, Hydraulic Laboratory, Iowa City, Iowa. 78 pp. October 1938. The 
model constructed to simulate the Tennessee River at the proposed dam site was 
made of concrete to dimensions l/60th those of the prototype. An area roughly 
1500 ft. wide and 5500 ft. long extending to a section 4700 ft. downstream from 
the center line of the dam and 1500 ft. from mid-river into the right bank was 
reproduced in the model. The model studies were made to determine the effect on 
navigation conditions in the lower lock approach due to closing the mouth of 
N orth Chickamauga Creek — which enters the Tennessee River about 140 ft. up­
stream from the lock — and diverting the discharge through an artificial channel 
into the river below the lock. Drawings and photographs in the report illustrate 
the conditions tested and the results obtained. Instruments and methods used in 
studying velocities in the model are described and observations of velocity con­
ditions are shown graphically and by photographs. Various means proposed for
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correcting objectionable current conditions in the lower lock approach and their 
relative merits are discussed.
Laboratory T ests  for Chemical Consolidation o f  Foundation Material 
at Lock and Dam No. 3 M ississippi River. (Final Report.) Prepared under 
direction of the District Engineer, U. S. Engineer Office, St. Paul, Minnesota by 
the U. S. Engineer Sub-Office, Hydraulic Laboratory, Iowa City, Iowa. 30 pp. 
November 1937. Experiments on the chemical consolidation of loose soil with a 
view toward adopting this method to solidify an extensive stratum of silt under­
lying the foundation for Mississippi River Dam No. 3 are discussed in this report. 
Tests were made to determine whether the bearing power and internal shearing 
strength of the material of the foundation might be increased to safe values by 
the Joosten Chemical Consolidation process (patented 1925 and 1926 by Dr. H. 
Joosten). The process consists in pumping into the porous sand layer a solution 
of silicate of soda which is then brought into reaction with a suitable precipitant 
such as a strong solution of calcium chloride. Good results were obtained in tests 
on clean, fairly coarse river sand but attempts to consolidate samples of the silty 
muck from the foundation for dam No. 3 were completely unsuccessful. References 
are made to the following articles dealing with the process: “New Methods of 
Excavating Quicksand” by Sir Henry Japp, The Engineer, November 3, 1933. 
“Artificial Solidifying of Sand” by Dietz (quoted in “Silicate P ’s and Q’s,” Volume 
13, No. 9, 1933 published by the Philadelphia Quartz Co.). W. Sichardt in Bau- 
ingenieur, March 14, 1930, describing the process states, “The ground must contain 
at least 20 per cent quartz, the more quartz and the coarser the sand the stronger 
the consolidation.”
Laboratory T ests  on Hydraulic Model of Lock and Dam No. 3 M iss is ­
sippi River, Red W ing, Minnesota. (Final Report.) Prepared under the 
direction of the District Engineer, U. S. Engineer Office, St. Paul, Minnesota by 
the U. S. Engineer Sub-Office, Hydraulic Laboratory, Iowa City, Iowa. 36 pp. 
April 1937. The tests were made to determine the characteristics of the scour 
which was expected to occur in the lock approaches and around the dam-cofferdam 
when discharge was passed through the locks during the period of construction. 
In the model tests the maximum scour in the lock approach channel occurred up­
stream from the auxiliary lock at a sharp corner of the proposed cofferdam. No 
serious damage occurred downstream from the lock and the structures there were 
amply protected by the proposed rock filled crib and derrick stone. A flood relief 
channel proposed to the left of the cofferdam did not reduce the scour sufficiently 
to insure stability of the cofferdam. A stream lined extension tangent to and ex­
tending upstream from the cofferdam corner provided adequate protection against 
scour although the tests indicated a streamlined corner replacing a square corner 
on the cofferdam was not equally effective. A general model simulating a section 
about 1800 ft. wide extending from the lock about 2800 ft. upstream and 3400 ft. 
downstream was constructed to a horizontal scale 1 :40 and a vertical scale 1 :70. 
Erodible sections of the river bed were formed of haydite 0.28 to 0.5 mm. in 
diameter and of commercial Barnsdall admix.
Laboratory T ests on Hydraulic M odels of Lock and Dam No. 7, M is­
sissippi River, Onalaska Spillway. (Final Report.) Prepared under the 
direction of the District Engineer, U. S. Engineer Office, St. Paul, Minnesota by
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the U. S. Engineer Sub-Office, Hydraulic Laboratory, Iowa City, Iowa. 35 pp. 
May 1938. Sectional models of five designs of spillways proposed for the Onalaska 
Dam were tested with the view to determining their behavior as to discharge 
capacity and stilling basin action. Economic factors influenced changes in the plans 
and the dam as finally constructed is not similar to the models tested and described 
in this report. The final plan includes a paved overflow dike 670 ft. long and a spill­
way section 87 ft. long with nine openings each flaring from 3 by 4 ft. at the en­
trance to 5 by 6 ft. at the outlet. The stilling basin is 47 ft. long and 16 ft. below the 
crest of the overflow section. The stepped sill at the end of the stilling pool is 3 
ft. high.
Laboratory T ests  on Hydraulic Models of Lock and Dam No. 26, M is ­
sissippi River, Alton, Illinois. (Final Report.) Prepared under the direction 
of the District Engineer, U. S. Engineer Office, St. Paul, Minnesota by the 
U. S. Engineer Sub-Office, Hydraulic Laboratory, Iowa City, Iowa. 264 pp. 
May 1937. The report is presented in two parts. The first is a study of 
changes in river regimen caused by the project structures at each of two sites and 
is intended to design means of preventing erosion around bridge piers immediately 
downstream from the approved site, to determine the best composition for the 
dam, to determine backwater caused by the structures during and after con­
struction, and to design adequate stilling basins. P art two discusses the effect of 
channel restriction upon protective works designed for the auxiliary lock, and 
presents measurements of backwater caused by the various cofferdams. Model 
studies were made of the entire lock and dam structure to determine the relative 
feasibility of each of two possible locations, one 9600 ft. upstream from the Mis­
souri and Illinois Bridge and Belt railroad bridge at Alton, Illinois, and the 
other 800 ft. upstream from the bridge. These were distorted models constructed 
to the same vertical scale 1 :60 and to horizontal scales respectively 1 :400 and 
1 :250. The former represented 7.4 miles of river and the latter 4.5 miles. Both 
were movable bed models. A model of a single tainter gate was used to check 
the analytical design of spillway and stilling basin for tainter gates at Lock and 
Dam No. 26. This model was constructed to an undistorted scale 1 :40. Another 
model of 8 tainter gates, two railroad bridge piers, and one highway bridge pier 
was operated to test various ways of protecting the bridge piers against erosion 
with the dam at the 800-ft. site. This model was to a scale 1 :25 and was con­
structed in the 16 ft. river channel underneath the laboratory building. Tests 
indicated that operation of the dam would cause silting in the approach channel 
downstream from the lock only if large discharges were confined to the end of 
the spillway near the locks. Best flow conditions existed when flows were spread 
over a considerable length of dam. The operation of the dam and dimensions of 
an adequate stilling basin were interdependent; graphs are presented which show 
the relationships between operation and stilling basin depth and length. Stone- 
covered, rectangular, flexible, wooden mattresses proved to be the most satisfactory 
bridge pier protection. Swellhead indicated through the model dam at the 800-ft. 
site was 1.1 ft. in the prototype. This was reduced 0.3 ft. by removal of a trailer 
dike terminating at about mid-channel immediately upstream from the dam. A 
model of a 3650 ft. reach of river and overbank section covering the dam site 
800 ft. upstream from the railroad bridge at Alton was constructed with a sand bed 
and in it various stages of cofferdam construction were studied. This model was
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constructed to a horizontal scale 1 :125 and a vertical scale 1 :85. Erosion at the 
upstream corners of the dam cofferdams was sufficient under flood flow conditions 
in the model to indicate failure under similar conditions in the prototype. Scour at 
the cofferdam corners was prevented in the model by installation of elliptical ap­
proaches representing single lines of sheet piles tangent to the river faces of the 
cofferdams and extending upstream from the upstream faces. Scour which was 
anticipated along the river wall of the auxiliary lock did not develop in the model 
at any stage of construction. The tests were made for the U. S. Engineer Office, 
St. Louis, Missouri.
Laboratory T ests  on Hydraulic Model of Guntersville Lock Hydraulic 
System, Tennessee River, Guntersville, Alabama. (Final Report.) Prepared 
under the direction of the District Engineer, U. S. Engineer Office, St. Paul, 
Minnesota by the U. S. Engineer Sub-Office, Hydraulic Laboratory, Iowa City, 
Iowa. 88 pp. July 1937. The Guntersville Lock is 60 ft. wide, 360 ft. long in 
the clear and has a lift of 39 ft. under normal operating conditions. Hydraulic 
models were tested to study characteristics of the filling and emptying system. 
Individual filling and emptying ports were calibrated in a single-port model. 
Filling and emptying characteristics of the structure as a whole were studied in a 
1 :20 scale general model simulating the entire hydraulic system of the lock. Test 
data are shown graphically. Behavior of some of the individual parts of the 
model during tests are shown in photographs. The results of the investigations 
indicate that intake ports, filling and emptying ports, and discharge ports of 
streamlined design greatly increase the efficiency of the lock filling and emptying 
system. The laboratory tests further indicated that a maximum rate of rise of
11.7 ft. per minute during the filling operation did not appear to cause detrimental 
surges in the lock chamber. The tests were made for the U. S. Engineer Office, 
Nashville, Tennessee.
Laboratory T ests  on Hydraulic Model of Keokuk Lock and Dam, M is­
sissippi River, Keokuk, Iowa. Prepared under the direction of the District 
Engineer, U. S. Engineer Office, St. Paul, Minnesota by the U. S. Engineer Sub- 
Office, Hydraulic Laboratory, Iowa City, Iowa. 158 pp. May 1935. A reach of 
the Mississippi River approximately 2.5 miles long was reproduced to an undis­
torted scale 1 :125 and tested to determine methods of correcting adverse currents 
in the navigation channel below the 'Keokuk lock and to study the effect of channel 
improvements on backwater at the tailrace of the power plant of the Mississippi 
River Power Company. The model reproduced the lock, power-house, dam with 
52 of the 119 gates, each of which is 11 ft. high and 32 ft. long, and the piers of 
the Keokuk-Hamilton bridge. Four existing wing dams on the left bank were also 
reproduced in the model. The extreme range of head on the dam has been from
20 to 42 ft. The tests indicated that a closing dam across the secondary channel 
west of the draw pier of the Keokuk-Hamilton bridge or solid sea walls paralleling 
each side of the navigation channel extending above maximum flood stages would 
remedy the current conditions below the Keokuk lock. The most satisfactory 
solution, however, as indicated by the model tests, is a wing wall 430 ft. long 
extending from the lower end of the river wall of the lock at an angle of about 
30 deg. with the lock wall. This would deflect the river flow away from the 
navigation course and eliminate the objectionable cross currents at the bridge.
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Laboratory T ests  on Hydraulic Models o f  N ew  Lock and Dam No. 4, 
Monongahela River, Charleroi, Pennsylvania. (Final Report.) Prepared un­
der the direction of the District Engineer, U. S. Engineer Office, St. Paul, Minne­
sota by the U. S. Engineer Sub-Office, Hydraulic Laboratory, Iowa City, Iowa. 
79 pp. September 1936. The laboratory study investigated plans for a concrete 
spillway 551 ft. long with a crest elevation about 18 ft. above the river bed. This 
spillway extended from two locks on the right bank to an abutment on the left 
bank. Foundation material was an erodible mixture of clay, sand, and gravel 
extending to a depth of about 25 ft. The object of the model studies was to deter­
mine whether the stilling basin as originally designed provided adequate protection 
against scour and to suggest alterations if necessary. Sectional spillway models 
to a scale 1 :20 were tested in a glass-walled flume 30 in. wide. The spillway 
models were made of concrete and provided with piezometers for observing pres­
sure distributions on the face of the model dam. Observation of the model in 
operation led to the conclusion that no stilling basin would prevent scour com­
pletely after the crest was submerged because at high tailwater stages the jet no 
longer adhered to the face of the dam. For lower tailwater, however, the jet 
passed down the downstream of the dam and across the stilling basin where it 
impinged on the baffle piers. Comparative observations on model and prototype 
indicated that the stage-discharge relations were satisfactorily in agreement. Com­
parisons of scour observations in model and prototype can be qualitative only. 
However, both the slope and the location of the sand surface in the models, when 
converted to prototype dimensions, agree very well with the prototype conditions 
over a distance of 50 ft. from the end of the stilling basin. The point of deepest 
model scour is within 10 ft., full size, of the deepest prototype soundings. The 
model experiments led to significant improvements in the shape of the spillway 
crest. The tests were made for the U. S. Engineer Office, Pittsburgh, Pennsylvania.
Laboratory T ests  on Hydraulic Models of Peoria and LaGrange Dams, 
Illinois River, Peoria and LaGrange, Illinois. (Final Report.) Prepared 
under direction of the District Engineer, U. S. Engineer Office, St. Paul, Minne­
sota by the U. S. Engineer Sub-Office, Hydraulic Laboratory, Iowa City, Iowa. 
71 pp. September 1937. A model was set up in a 10 ft. canal to represent short 
sections of the chanoine wicket dams proposed for the Peoria and the LaGrange 
sites on the Illinois River. The model was studied to determine (1) the discharge 
between wickets when raised, (2) the discharge through and characteristics of 
butterfly valves as designed for the Peoria and the LaGrange dams, (3) current 
conditions on and scour below the stilling basin under various operating conditions. 
Measurements made in the model established discharges through 3 in. spaces be­
tween wickets for a variety of conditions of upper and lower pools. Wickets at the 
left end of the model were replaced by one butterfly valve representing those 
designed for the LaGrange dam and tests were run to establish the valve dis­
charge capacity under normal pool heads. Wickets at the right end of the model 
were then replaced by an abutment containing butterfly regulating gates repre­
senting the design for the Peoria dam. The discharge capacity was determined 
under normal pool heads for the abutment with intake at the side, intake faced 
upstream, and intake faced upstream combined with a culvert whose cross-sectional 
area diminished in a downstream direction. Velocity distributions at the butterfly 
valve outlet were investigated for each abutment. The effect of wicket discharge 
on abutment discharge was studied but the results were not conclusive.
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Laboratory T ests  on Hydraulic Model of P ickw ick  Lock and Dam, 
Tennessee River, P ickw ick  Landing, Tennessee. (Final Report.) Prepared 
under the direction of the District Engineer, U. S. Engineer Office, St. Paul, 
Minnesota by the U. S. Engineer Sub-Office, Hydraulic Laboratory, Iowa City, 
Iowa. 95 pp. August 1937. The Pickwick Project consists of a single lock 110 ft. 
wide and 600 ft. long, an ogee spillway with 26 vertical lift crest gates, a power 
plant on the right bank of the river capable of handling a maximum discharge of
60,000 sec. ft., a non-overflow earth dike extending across the floodway between 
the lock and the high bluff on the left of the river and a similar dike between 
the power house and the high bank on the right. Plans contemplate construction of 
an auxiliary lock 60 by 400 ft. to be placed landward of the main lock and down­
stream from the earth dike. Tests were made of a model of a 6.15 mile reach 
of river reproduced to a horizontal scale 1:450 and a vertical. scale 1:150. The 
tests were purposed to determine the feasibility of the proposed arrangement and 
location of the various units of the structure, to study the operation of the spill­
way and power house, and to develop corrective features in the preliminary design 
where indicated in the tests. W ith due consideration for other objectives of the 
project, the best possible navigation conditions in the lock approach channel were 
desired without undue sacrifice of economy in construction or operation. Experi­
mental data are summarized in drawings and photographs and the data are inter­
preted in terms of the specific prototype. The tests were made for the U. S. 
Engineer Office, Nashville, Tennessee.
Laboratory T ests  on Hydraulic Model of P ickw ick  Lock Hydraulic  
System, T ennessee River, P ickw ick  Landing, Tennessee. (Final Report.) 
Prepared under direction of the District Engineer, U. S. Engineer Office, St. Paul, 
Minnesota by the U. S. Engineer Sub-Office, Hydraulic Laboratory, Iowa City, 
Iowa. 150 pp. April 1937. Hydraulic models of the Pickwick Lock, Tennessee 
River, were constructed and tested to study characteristics of the filling and 
emptying system and to develop improvements in design where indicated. A 
flow-line model of a thin horizontal section of a port and short length of culvert 
was used to study flow conditions at the entrances to ports of various shapes. A 
single port model was used to calibrate individual ports. Filling and emptying 
characteristics of the structures were studied in a 1 :30 scale general model 
simulating the entire hydraulic system of the lock. Test data are shown graphically. 
Behavior of some of the individual ports of the model during tests are shown in 
photographs. Results of the investigation indicate that intake ports, filling and 
emptying ports, and discharge ports of streamline design greatly increase the 
efficiency of the lock’s filling and emptying system. The tests were made for the 
U. S. Engineer Office, Nashville, Tennessee.
Laboratory T ests  on Hydraulic Model o f  Proposed D iversion  Tunnels  
for Cove Creek Dam, Clinch River. Prepared under the direction of the 
Sector Engineer, Illinois-Northern Mississippi Sector, by Field Unit of St. Paul 
District Engineer Office at Iowa Institute of Hydraulic Research, Iowa City, Iowa.
27 pp. August 1933. The Cove Creek Dam was later renamed Norris Dam in 
honor of Senator George Norris of Nebraska, author of the Congressional Bill 
which created the Tennessee Valley authority and brought about the construction 
of the dam. The model constructed to a scale 1 :25 simulated 250 ft. of dam with
5 diversion tunnels 12 ft. wide and 30 ft. high and one diversion tunnel 12 ft. wide
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and 20 ft. high. The over-all length of diversion tunnels was 198 ft. in the 
prototype. The purpose of the test was to determine the height of cofferdam 
which would not be overtopped by the probable maximum flood of the construction 
period. Relations between head and discharge through the diversion tunnels as 
indicated by the model are shown graphically. Tests indicated that rounding the 
upstream end of the partition wall between tunnels to a semi-circular shape had a 
slightly adverse effect on the discharge capacity of the tunnel. By submerging the 
tunnel outlet the discharge capacity was increased 13 per cent for flows of the 
order of 80,000 sec. ft. By streamlining the roofs of the tunnels the discharge 
capacities indicated by the models can be increased from zero to about 20 per cent 
for flows ranging from 40,000 to 100,000 sec. ft.
Laboratory T ests  on Hydraulic Model of Proposed Lock and Dam No. 
2, Kiskiminitas River. Prepared under direction of the District Engineer, U. S. 
Engineer Office, St. Paul, Minnesota by the U. S. Engineer Sub-Office, Hydraulic 
Laboratory, Iowa City, Iowa. 81 pp. March 1932. A 1 :125 model of 1.30 miles 
of river with models of the proposed structure was studied for the U. S. Engineer 
Office, Pittsburgh, Pennsylvania. The proposed structure consisted of three roller 
gates each 75 ft. long and 15 ft. high supported by piers 16 ft. thick. On the left 
the dam was flanked by a lock 56 ft. wide and 360 ft. long with a maximum lift 
of 15 ft. Stream flow records indicate a range of discharge from a minimum of 
100 sec. ft. to a maximum of about 107,000 sec. ft. with an extreme range in stage 
of 28 ft. Details pertinent to this project at Vandergrift, Pennsylvania are pre­
sented in the report.
Laboratory T ests  on Hydraulic Models o f  Winfield Lock and Dam, 
Kanawha River, Winfield, W est Virginia. (Final Report.) Prepared under 
the direction of the District Engineer, U. S. Engineer Office, St. Paul, Minnesota 
by the U. S. Engineer Sub-Office, Hydraulic Laboratory, Iowa City, Iowa. 216 pp. 
December 1936. The Winfield structure consists of twin locks each 56 ft. wide and 
360 ft. long with a normal lift of 28 ft. The regulating dam has 6 roller gates, 
26 ft. high and 100 ft. long, one of which is of the flap type with a hinged sector 
on the crest that can be raised or lowered to permit regulation of the pool and to 
skim debris from its surface. Provision was made in the plan for a privately 
owned power plant on the left bank of the river adjoining the abutment of the 
dam. The model simulated a reach of river approximately 1.5 miles long and 
was constructed to an undistorted scale 1 :125. Models of the lock walls, gate piers, 
sills, power house, etc., were made of well seasoned white pine lumber and were 
given several coats of water-resistant paint. The lock gates, roller gates, and 
turbine gates were constructed of metal. Other parts of the structure in the 
model were made of concrete. The tests were made for the U. S. Engineer 
Office, Huntington, West Virginia, to determine the effect of the Winfield Lock 
and Dam, their construction cofferdams, and a proposed power plant, on backwater, 
velocities, navigation conditions of the river in the vicinity, and to develop a 
stilling basin to protect the structure against erosion. The stilling basin model 
simulated, to a scale of 1 :46.12, one bay of the roller gate dam which was 115 ft. 
between piers. This model, tested in a glass-walled flume 30 in. wide was used to 
investigate the design of the stilling basin. Details of pressures on the sills of the 
proposed dam were further tested on models constructed respectively to scales 
1 :46.12 and 1 :20. Modifications of the sill shape were developed on the basis of the
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tests to minimize the vacuum effect of roller gate discharge under operating 
conditions.
Laboratory T ests  on Hydraulic Models to Determine Discharge Through  
Chanoine W icket Dams. (Final Report.) Prepared under the direction of the 
District Engineer, U. S. Engineer Office, St. Paul, Minnesota by the U. S. En­
gineer Sub-Office, Hydraulic Laboratory, Iowa City, Iowa. 81 pp. June 1938. The 
tests were made for Ohio River Division Office, Cincinnati, Ohio to determine dis­
charge through and over wicket dams under the varying conditions which exist in 
the Ohio River. The rates of discharge through 1 :7 and 1 :14 models of chanoine 
wicket dams were measured under a wide range of upper and lower pool 
elevations. The openings calibrated represented three different wicket spacings, 
various numbers of wickets lowered, and the small openings left when needles 
sealed the spaces between wickets. In the prototypes wickets were 20 ft. long, 
3.75 ft. wide, and 1.0 ft. thick. Discharge coefficients were determined in the 
model for three formulas as follows :
(a) discharge through spaces between wickets
Q — CL sec B'J2g(H  —  h) [2 /3 (H  — /») +  h]
(b) discharge with wickets overtopped
Q — CLc (H  — K ) 3/-
(c) leakage with needles in place
Q0 = C 0A M 2 g { H - h )
in which
Q and Q0 — discharge in sec. ft.
C and C0 — coefficient.
L — width of space between wickets in ft.
B — angle between wickets and vertical in degrees.
g =  acceleration of gravity in ft. per sec.2.
H — height of upper pool above wicket sill in ft.
It =  height of lower pool above wicket sill in ft.
Lc =  total length of raised dam in ft.
K  =  vertical distance from wicket sill to crest of raised wicket in ft.
A  =  area of the opening in the plane of the bottom end of the wicket in sq. ft. 
Coefficients for square-edged wickets in formula (a) increased with the sub­
mergence ratio, and for L  =  0.5 ft. in the prototype ranged from 0.66 for
h h 
——- =  0.2, to 0.8 for ----- -= 0 .5 . The average coefficient in formula (b) was 3.52.
H H
Coefficients in formula (c) varied from 0.54 for free discharge to 0.83 for sub­
merged discharge. (See also the Experiment Station Bulletin (Hydraulics) v. 1, 
no. 3, pp. 4-7. December 1, 1938. U. S. Waterways Experiment Station, Vicks­
burg, Mississippi).
Laboratory T ests  on Hydraulic Models to Determine Roller Gate C o­
efficients. (Final Report.) Prepared under direction of the District Engineer, 
U. S. Engineer Office, St. Paul, Minnesota by the U. S. Engineer Sub-Office, 
Hydraulic Laboratory, Iowa City, Iowa. 58 pp. November 1936. A 1 :18 model 
of three adjacent roller gates with piers and supporting structure was tested in a
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flume IS ft. wide under a complete range of operating conditions for flow through 
one end gate, flow through the middle gate, or flow through the three gates. The 
model simulated typical roller gate sections 80 ft. long with normal headwater 
pool 20 ft. above gate sill. The details of test data are summarized graphically as 
they apply to the prototype. When water flowed through the center gate only, an 
eddy formed adjacent to the two center piers apparently cutting down the effective 
width or opening about 20 per cent. These eddies were not apparent when water 
flowed through three gates simultaneously. The end contractions were suppressed 
and the entire area appeared to be effective. The end contractions appeared to 
be suppressed on the side next to the wall of the channel when water flowed 
through one side gate only. Analyses of the data showed that the discharge co­
efficient for gates which were apparently discharging with one, two or no end con­
tractions were substantially identical.
Laboratory T ests  on Hydraulic Models to Determine Roller Gates C o ­
efficients for Dams No. 5, 5A, and 8, M ississippi River. (Final Report.) 
Prepared under the direction of the District Engineer, U. S. Engineer Office, St. 
Paul, Minnesota by the U. S. Engineer Sub-Office, Hydraulic Laboratory, Iowa 
City, Iowa. 114 pp. April 1937. Hydraulic models of roller gates Mississippi 
River Dams No. S, SA, and 8 have been calibrated to determine discharge capa­
cities under various conditions of operations expected to occur in the prototype. 
This report describes the experimental apparatus used, the test procedure, and 
presents the results in graphical form. Models of single roller gates with support­
ing piers and the included still and stilling basin were constructed of aluminum to 
a scale of 1 :38 and tested in a glass-walled flume 30 in. wide. Coefficients of dis­
charge computed from the observed data are shown but appear to bear no consistent 
relationship to the various basic factors affecting flow through the roller gate 
opening. Discharge coefficients range from a minimum of 0.7 at gate openings of 
4 to 6 ft. in the prototype to 1.2 to 2.0 at large gate openings. Laboratory obser­
vations are summarized in detail showing for each gate opening the discharge for 
the prototype as a function of upper pool (ordinates) and lower pool (abscissas) 
elevations. The data are generalized in nomographic charts which show for a 
given upper pool elevation the discharge per gate has a function of gate opening 
and the difference in elevation between upper and lower pools.
Laboratory T ests  on Hydraulic M odels to  Determine Tainter Gate Co­
efficients for Dams No. 5, 5A, and 8, M ississippi River. (Final Report.) 
Prepared under the direction of the District Engineer, U. S. Engineer Office, St. 
Paul, Minnesota by the U. S. Engineer Sub-Office, Hydraulic Laboratory, Iowa 
City, Iowa. 133 pp. August 1938. The tainter gates simulated in the models are
IS ft. high and 35 ft. long. Dam No. 5 has 28 tainter gates, four of which are 
of the submergible type. Dam No. 5A has five non-submergible gates, and Dam 
No. 8 has 10 tainter gates, two of which are submergible. Aluminum models to a 
scale of 1:17.2 consisted of two half piers, a sill, an apron with baffles and end 
sill, and a tainter gate. Tests were conducted in a glass-walled flume 48 ft. long 
and 2.5 ft. wide. The models were calibrated by measuring the upstream and 
downstream water surface elevation as a function of discharge and gate opening. 
Nomographs show relationships between the major data and coefficients computed 
therefrom.
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Laboratory T ests  on Hydraulic Model o f  F il ling  and Emptying System  
for Proposed W atts-Bar Project Lock, T ennessee River near Dayton, 
Tennessee. (Final Report.) Prepared under direction of the District Engineer, 
U. S. Engineer Office, St. Paul, Minnesota, by the U. S. Engineer Sub-Office, 
Hydraulic Laboratory, Iowa City, Iowa. 44 pp. December 1937. The tests were 
made for the U. S. Engineer Office, Nashville, Tennessee to determine proper fill­
ing and emptying systems and to determine the filling and emptying time, maximum 
rates of rise and fall, velocities in culverts and ports, and extent of turbulence in 
chamber and lower approaches to the lock under heads up to a maximum of 71 ft. 
The proposed W atts-Bar Project Lock, 60 by 360 ft. in the clear with a lift of 
71 ft., is the highest single lift lock in the world. The lock is similar in design 
to the Tennessee River locks at Guntersville, Pickwick, and Chickamauga, the 
hydraulic systems of which were designed on the basis of model tests. Experiments 
were made to determine dimensions for ports and culverts to maintain a permissible 
rate of rise or fall of the water surface in the lock chamber while filling or 
emptying, and to determine the best method of valve operation. Test data are 
presented graphically and a tabular summary of the entire investigation is included.
Laboratory T ests  on Model of Lock and Dam N o. 20 M ississippi River, 
Canton, Missouri. (Final Report.) Prepared under direction of the District 
Engineer, U. S. Engineer Office, St. Paul, Minnesota, by the U. S. Engineer Sub- 
Office, Hydraulic Laboratory, Iowa City, Iowa. 67 pp. November 1937. The tests 
were conducted for the U. S. Engineer Office, Rock Island, Illinois to determine 
the effectiveness of a stilling basin designed for Dam No. 20 and to develop 
criteria by which other similar stilling basins may be designed. Tests made on a 
model of one roller gate and spillway built l/20th  the size of those designed for 
Dam No. 20 showed that the stilling basin designed for that dam provided ade­
quate protection against erosion for the schedule of gate operation proposed. How­
ever, flow conditions in the model stilling basin were materially improved by 
relatively small reductions in discharge per gate below the discharges proposed in 
the operating schedule. Observations of the character of flow in the erosion 
downstream from the model stilling basin were developed into curves from which 
stilling basin floor elevations may be computed. Measurements of the length of 
the hydraulic jump were used in combination with the above mentioned observa­
tions to develop curves from which stilling basin lengths and widths of rip-rap 
protection may be computed. These general curves, however, are applicable only to 
low-head dams with low gate sills. A satisfactory coefficient of discharge through 
a tainter gate could not be determined from test data which are summarized 
graphically in the report. A general method of stilling basin design was developed 
by which apron elevation and length, width of rip-rap, and location of baffle-piers 
may be determined to comprise a structure which will provide adequate protection 
against scour in sand foundations below low-head dams.
Laboratory T ests  on W eep H oles. (Final Report.) Prepared under direction 
of the District Engineer, U. S. Engineer Office, St. Paul, Minnesota by the U. S. 
Engineer Sub-Office, Hydraulic Laboratory, Iowa City, Iowa. 36 pp. December 
1936. The weep hole pipes were placed vertically between two steel cylindrical 
boxes about 2 ft. in diameter and 1 ft. in effective height. The lower or headwater 
box was separated into two compartments by a i  in. mesh wire cloth which sup­
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ported the gravel used in the tests. W ater was supplied under pressure through 
the side of the lower compartment and flowed upward through the weep hole 
pipes filled with gravel into the upper box and overflowed into a measuring weir 
tank. Tests were conducted on four weep hole pipes, two 4 ft. long and respectively
6 and 10 in. in diameter, and two 18 in. long and respectively 6 and 10 in. in 
diameter. The gravel was a mixture of crushed limestone, trap-rock, granite, and 
quartz in two gradings, i  to 1 in. and 1 to 2 in. The average specific gravity was 
about 2.65. Two critical hydraulic gradients were carefully determined. The first 
occurred at a gradient of about unity when the surface stones began to rock on 
the stones below. The second occurred at a slightly greater rate of water discharge 
when the whole column of stones acted as a piston and raised bodily in the weep 
hole. Hydraulic data are presented in detail for three different compactions of 
test material.
Model Study o f  Hydraulic Conditions Caused by Lock and Dam No. 6 
Mississippi River near Trempealeau, W isconsin. (Final Report.) Prepared 
under direction of the District Engineer, U. S. Engineer Office, St. Paul, Minne­
sota by the U. S. Engineer Sub-Office, Hydraulic Laboratory, Iowa City, Iowa. 
115 pp. November 1937. The tests were conducted to determine what effect the 
pool created by Mississippi River Lock and Dam No. 6 will have on the deposition 
of sediment, current directions and water surface profiles in Big Trout Creek at 
its junction with the pool about three-fourths of a mile upstream from the dam. 
Two models were tested, one representing four miles of the Mississippi River and 
about eight-tenths mile of Big Trout Creek valley. This was constructed to a 
horizontal scale 1 :300 and a vertical scale 1 :75. The other model, constructed to 
an undistorted scale 1 :50, reproduced an area within a radius of approximately 
400 ft. from bridges over Big Trout Creek on the river bank. The study partic­
ularly investigated the effect of the backwater pool on the flow profile and the 
silting action of creek floods. The results indicated that raising the low steel of 
the railway bridge over Big Trout Creek a height of 3 ft. would more than com­
pensate for the effect of the pool of Lock and Dam No. 6.
N otes on Small Current Meters. Prepared under direction of the District 
Engineer, U. S. Engineer Office, St. Paul, Minnesota by the U. S. Engineer Sub- 
Office, Hydraulic Laboratory, Iowa City, Iowa. 15 pp. February 1936. The first 
successful miniature propeller-type current meter was completed by the staff of 
the U. S. Engineer Department at the Iowa Hydraulic Laboratory in March 1932. 
This report describes and presents test data for 7 propel ler-type meters 1 in. in 
diameter. The meter wheels were mounted on pivots usually of phonograph 
needles which were supported in bearings made of cup jewels taken from watt- 
hour meters. Wheels were usually four-bladed and were made of bakelite, alum­
inum or vulcanite. One blade was polished or painted as an aid to the observer 
in counting wheel revolutions. The meters were calibrated in a special small rating 
flume for a range of velocities from as low as 0.1 ft. per sec. and as high as 1.4 
ft. per sec. Data are presented on the effect of angularity on meter readings. E x ­
perience at the Iowa City Laboratory has shown that even the experimental meters 
described in this report are dependable under widely variant conditions in labora­
tory tests of river models where minimum depths are of the order of 0.1 ft. and 
minimum velocities of the order of 0.1 ft. per sec.
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